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ABSTRACT
A new mobile insertion sequence designated IS lllO  was detected in the strain LR541 of 
Mycobacterium avium due to an observed increase of the size of the plasmid pLR20. 
Genomic libraries of M.avium containing the original plasmid pLR20 and the modified 
plasmid pLR20' were constructed using the phage XgtlO as the vector.
In order to characterize the insertion sequence as well as the region of inserted DNA, the 
sequence of the relevant clones was determined.
IS iiitf  is a 1457 bp element lacking terminal inverted repeats and it is related to other 
insertion sequences such as IS900 {M.paratuberculosis\ \S901, 1^902 {M.avium) and 
IS1J6 {Streptomyces clavuligerus). Several copies of IS lllO  are present in the strain 
LR541. Individual colonies derived from the same plate show significant differences in 
the banding pattern obtained by hybridization techniques (Southern blot) using a partial 
fragment of IS lllO  as probe generated by PCR technique (Polymerase Chain Reaction) 
which implies an unusually high degree of mobility.
Initially, analysis of clinical, veterinary and environmental isolates of M.avium from 
different sources showed that the sequences hybridizing to JSlllO  were present in only a 
small number of Mavium strains. However, prolonged exposure of Southern blots 
disclosed the presence of another insertion sequence partly related to ISlllO . 
Furthermore, the banding patterns obtained exhibited extensive polymorphism, even 
between strains that had identical RFLP patterns with the pMB22 probe.
These results, indicating the potential usefulness of IS lllO  as an epidemiological tool 
led to the investigation of the occurrence and distribution o f IS lllO  in a larger number of 
M.avium strains and establishment of the extent of the polymorphism seen with IS lllO  
by RFLP analysis.
Using a full length IS lllO  probe, an important number of M.avium strains including 
those obtained from AIDS and non-AIDS patients hybridized to IS lllO  and exhibited an 
extensive polymorphism. Most banding patterns were unique and seven small groups of 
identical strains were identified.
One of these types was found to be particularly prevalent in non-AIDS subjects, and was 
associated with colonisation rather than dissemination or invasion. These results showed 
that IS lllO  can be an useful tool for identification of cases of hospital cross-infection. 
Besides, stability of the banding patterns obtained was confirmed by repeated subculture 
of M.avium strains which is essential for the validity and usefulness of IS lllO  as an 
epidemiological tool.
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I. INTRODUCTION
Introduction
1. THE GENUS MYCOBACTERIUM
1.1 Introduction
Lehmann and Neumann first named the genus Mycobacterium in 1896 which 
consisted of two species: Mycobacterium leprae, the causative agent of leprosy described 
by Armauer Hansen in 1874 and, Mycobacterium tuberculosis, the causative organism of 
tuberculosis. Tuberculosis was first shown to be caused by M. tuberculosis in a series of 
papers published by Robert Koch in 1882, in which he described the isolation and 
cultivation of the tubercle bacillus and proposed his postulates to establish its 
pathogenicity for humans. Before the end of the century the bovine, {Mycobacterium 
bovis), avian {M.avium), piscine {M.marinum) and saprophytic mycobacteria that do not 
usually cause disease {M.smegmatis, M. nonchromogenicum, M.phlei) had been described. 
Since then until 1954, when Runyon concluded his first taxonomic studies, there were 
more than 100 mycobacterial species described.
Taxonomically, mycobacteria have been classified into several groups on the basis of 
different general criteria: rate of growth at optimum temperatures, effect of visible light on 
pigment production and pathogenicity for humans and animals.
Runyon (1959) classified the species according to their rate of growth and pigmentation 
defining 4 groups: photo chromogens (form yellow pigment in the light), scotochromogens 
(form yellow pigment in the dark), non-chromogens and rapid growers. Nowadays, 
Runyon groups are regarded as obsolete since pigmentation is too variable to be reliable as 
a fundamental distinction. However, the rate of growth still has practical (but not 
taxonomic) significance.
In 1966, a list of described mycobacterial species containing 128 species was published 
(Index Bergeyana). In 1980, Skerman et al. published a list of'Approved Bacterial Names' 
containing 41 species of Mycobacteria of which 16 had survived from the earlier list.
1
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In 1985, Good published a list of recognized species which had brought the number of 
species to 54. The species are listed in Table 1 on the basis of rate of growth, 
chromogenicity, and pathogenicity; pathogens of man and animals; (2) species causing 
opportunist infections and (3) species that never or only very rarely cause infection .
The genus Mycobacterium includes a group of intracellular bacterial parasites ranging 
from the obligate intracellular pathogen Mycobacterium leprae and the facultative 
parasites M.tuberculosis, M.bovis, and M.avium to such environmental species as 
M.gordonae, M.fortuitum, MAerrae and M.smegmatis which are rarely pathogenic for 
healthy adults (Wolinsky, 1984).
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Tablet. Mycobacterial species. (Data compiled from Good, 1985. Categories are not exclusive; some 
species can be clasified in different groups).
1. SLOWLY GROWING MYCOBACTERIA
A. Human Pathogens
M.africatmm 
M. bovis 
M. leprae 
M.tuberculosis 
M.ulcerans
C Environmental mycobacteria 
cl. opportunist human pathogens
B. Animal Pathogens
M  lepraemuritm 
M. microti 
M.paratuberculosis 
M.farcinogem
M.asiaticum
M.avium
M.haemophilum
M. intracellulare
M.kansasii
M.malmoense
M.maritmm
M.scrofitlaceum
M.shimoidei
M.simiae
M.szulgai
M.xenopi
Photchromogen
Nonphotochromogen
Nonphotochromogen
Nonphotochromogen
Photochromogen
Nonphotochromogen
Photochromogen
Scotochromogen
Nonphotochromogen
Photochromogen
Scotochromogen
Scotochromogen
c2. rarely associated with human disease
M.gastri
M.gordo?iae
M.flavescens
M. nonchromogenicum
M.terrae
M. triviale
Nonphotochromogen
S cotochromogen
Scotochromogen
Nonphotochromogen
Nonphotochromogen
Nonphotochromogen
2. RAPIDLY GROWING MYCOBACTERIA
A. Environmental mycobacteria
a. opportunist human pathogens
M.chelonae
M.fortuitum
c. rarely or not normally human pathogens
M.agri
M.aichiense
M.aurum
M. austroafricanum
M.chitae
M.chubuense
M.diemhoferi
M.duvali
M.fallax
M.gadium
M.gilvum
M.komossense
b. opportunist animal pathogen
M.porcinum
M.senegalense
M.neoaurum
M.obuense
M.parafortuitiim
M.phlei
M.pulveris
M.rhodesiae
M.smegmatis
M.sphagni
M. thermoresistible
M.tokaiense
M.vaccae
Introduction
1.2 Mycobacterial cell
Mycobacteria are gram-positive bacilli, nonmotile, nonsporeforming, pleomorphic 
rods. Mycobacteria form smooth or rough, transparent to opaque colonies.
Studies based on the cell wall content indicate that there is a close relationship between 
Mycobacterium genus and other genera such as Rhodococcus, Nocardia, 
Coiynobacterium, Tsukamurella and less known genera such as Micropolyspora.
Some mycobacteria show a tendency to form aerial filaments: they range from 
nonfilamentous M  tuberculosis to M. fortuitum, with limited filamentation to filamentous 
M. farcinogenes.
The average size of the genomic mycobacterial DNA is around 3.0 X 10  ^daltons, and its 
G+C content is about 65% (Baess and Mansa 1978).
The mycobacterial cell wall possesses a high lipid content, with 60% of the wall 
composed of lipids (Draper, 1982) which is responsible for its hydrophobicity. An 
important proportion of these lipids are fatty acids of high molecular weight known as 
mycolic acids (Ratledge, 1982).
1.3 Acid-fastness
Acid-fastness is the capacity of biological materials to form acid-stable complexes 
with certain arylmethane dyes.
Such materials contain dye complexes that are not decolourized following exposure to 
acidic ethanol or mineral acids Mycobacterial acid-fastness is defined as a resistance to 
decolourization with acid following treatment with the Ziehl-Neelsen stain. Despite 
recognition of the property of acid-fastness over 100 years ago, and different theories, 
this property is still not fully understood.
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Stodola et a i, (1938), suggested the implication of mycolic acid in the acid-fastness 
property. Kanai (1962) concluded that the intact mycobacterial cell was necessary in the 
acid-fast staining process.
According to Barksdale and Kim, (1977), the intact mycobacterial cell takes carbol 
fuchsin into its interior and also binds fuchsin to the mycolic acid residues of the 
peptidoglycolipids of the outer cell wall. Free mycolic acids bind fuchsin and the bonding 
is acid stable. Once the mycolic acid of the cell is complexed with an arylmethane dye 
(crystal violet), the cell surface becomes hydrophobic. After decolourization with 
hydrochloric acid ethanol, the fuchsin taken into the interior of the cell remains there, 
exhibiting a marked brilliance of colour (fuchsin stained) which supplies an enhancement 
to the lightly staining fuchsin-mycolate of the outer wall.
A number of Corynebacteria and Nocardiae grown on specific media containing glycerol 
are resistant to decolourization by dilute mineral acid (Harrington, 1966) but their mycolic 
acid-bound fuchsin does not prevent decolourization by acidic alcohol. Hence, they do not 
exhibit mycobacterial acid-fastness.
1.4 Tuberculosis and Leprosy
Tuberculosis and leprosy are responsible for important human disease which 
constitute a real public health hazard worldwide (Collins, 1988).
1.4.1 Tuberculosis
Tuberculosis is a chronic infectious disease caused by Mycobacterium tuberculosis 
which was isolated, cultured and described as the causative organism by Robert Koch in 
1882.
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In spite of the improvements in public health in recent years, tuberculosis is the most 
common mycobacterial disease in the developed world (Collins, 1989). Tuberculosis 
continues to flourish in many parts of Asia, Africa, and Central and South America (Holm, 
1984). It seems that in USA, the disease is emerging again with devastating future 
consequences due to the Acquired Immunodeficiency Syndrome (AIDS) epidemic (Center 
for disease control; 1986, 1987, 1988). M.tuberculosis infects an estimated 5 to 8 million 
new cases every year, with 20% of affected patients developing the disease and 2 to 3 
million deaths annually ( Collins et al., 1985 ; American Thoracic Society, 1986). 
Tuberculosis is caused by a group of mycobacterium species; the human pathogens 
Mycobacterium tuberculosis and the African type, Mycobacterium ajricanum, the bovine 
pathogen Mycobacterium bovis and the vole pathogen Mycobacterium microti.
Two human variants have been described; the type described originally by Koch and a 
more recently described Asian variant affecting ethnic Asian patients living in other 
countries (Collins et a i, 1985). M.afi'icanum present also two variants: African I and 
African II which share common characteristics with the human and bovine types (Karlson 
and Lessel, 1970). These two species can be distinguished depending on their nitratase 
activity (Collins et al., 1985). M.bovis BCG is an attenuated variant from a virulent strain 
o f M.bovis prepared in a laboratory by Calmette and Guerin which has been extensively 
used as a vaccine.
The route of infection involves inhalation of air-borne bacilli which are ingested by 
alveolar phagocytes. Bacilli replicate within these cells and disseminate via the lymphatics 
and bloodstream infecting the lymph nodes. Therefore, the lung is the most frequently 
infected organ in tuberculosis although due to dissemination of the bacilli, any other organ 
might be affected by the disease.
The diagnosis of tuberculosis involves several methods; radiography, tuberculin test and 
microscopical analysis and culture of sputum. However, chest radiography can only detect
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1% of the tuberculosis cases. Tuberculin test involves skin-testing individuals with PPD 
(Purified Protein Derivative of M. tuberculosis) and a positive response indicates that the 
individual has had contact with MAuberculosis but the test can not determine if the disease 
is active or inactive. Microscopical analysis is probably the most useful method for 
diagnosis of tuberculosis but direct microscopy is rather insensitive.
Individuals with symptoms of the disease may indicate tuberculosis infection but final 
diagnosis of the disease requires the isolation and identification of the bacilli following 
growth on culture media.
The control of tuberculosis can be achieved by reducing the number of infectious 
individuals that are able to spread the disease among the population using a strict 
chemotherapy regimen. The tuberculosis regimen includes ethambutol, isoniazid, 
pyrazinamide, rifampicin (first line treatment) and para-amino salicylic acid, streptomycin 
(second line treatment). It is also important to increase the resistance to infection of the 
uninfected population. This may be achieved through a vaccination programme involving 
the attenuated bovine tubercle bacillus M. bovis BCG.
1,4,2 Leprosy
Leprosy is a chronic infectious disease caused by Mycobacterium leprae which was 
originally identified by Armauer Hansen in 1873, being the first human bacterial pathogen 
to be described. For many centuries, this infectious disease has been associated with terror 
due to the horrific deformities that this disease causes predominantly in humans and rarely 
in animals (Walsh et a l, 1986; Gormus et a l, 1988)
Nowadays, although the prevalence of the disease is lower than years ago, the disease is 
far away from total eradication, being endemic in many parts of Africa and Asia. 
Sansarricq (1981) estimated that the total number of leprosy patients in the world to be 
about 10 million. Of these, 62% are in Asia and 34% are in Africa (Noordeen, 1985).
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Transmission of leprosy is thought to happen from person to person through intact skin, 
inhalation of bacilli onto intact nasal mucosa and penetrating wounds.
Leprosy predominantly affects the skin, peripheral nerves and frequently involves mucous 
membranes causing skin lesions, skin anesthesia, and enlarged peripheral nerves.
The incubation period varies, but it is usually in the range of 2 to 4 years. The earliest sign 
of the disease is hypopigmented skin macules. The presence of acid-fast bacilli in the 
dermis is diagnostic of the disease. Leprosy presents a variable course: in three-fourths of 
patients, the disease heals spontaneously; some cases remain indeterminate for a long 
period of time, and some progress to one of the established forms of the disease. Ridley 
and Jopling (1966) described a disease spectrum for leprosy, consisting of polar 
tuberculoid leprosy (TT), borderline tuberculoid leprosy (BT), borderline leprosy (BB), 
borderline lepromatous leprosy (BL), sub-polar lepromatous leprosy (LLs) and polar 
lepromatous leprosy (LLp). The so-called polar types are stable clinically. The so-called 
borderline types are unstable clinically and form a continuous spectrum between the two 
polar forms. TT leprosy, associated with a cellular immune response, is characterized by 
localization of the disease in the skin and large peripheral nerves with only few bacilli 
being found in lesions whereas at the other end of the spectrum, LL leprosy, marked by 
antibody response, is characterized by the spread of the disease via the blood system to 
other parts of the skin, to nerves, to the mucosa and finally to all the organs of the body 
with large number of bacilli being found in lesions.
The efficiency of successful patients management relies on controlling the three 
mechanisms by which the disease causes symptoms; bacterial proliferation, the 
immunologic response of the host to the bacilli and peripheral neuritis. Nowadays, four 
drugs are used widely: dapsone, rifampin, clofazimine, and a thioamide, either 
ethionamide or prothionamide (Hastings et a i  ^ 1988).
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2. THE Mycobacterium avium COMPLEX
2.1 Classification
2.LI Conventional criteria
Several terms have been traditionally applied to the genus Mycobacterium in an 
attempt to distinguish different species;
'typical' mycobacteria has been applied to two mycobacterial species, MJuberculosis 
causative agent of tuberculosis and MAeprae^ causative agent of leprosy. Both 
mycobacterial species are pathogens for human and animals.
'atypical' mycobacteria has been referred to the abundant opportunist mycobacteria. It is 
now known that other species of mycobacteria far from being saprophytic, are potentially 
infective such as M. avium complex which cause the most disseminated infection 
associated with AIDS. For this reason, nowadays, this 'atypical' term is considered as 
imprecise and inappropriate.
Other terms that have been given to these species of mycobacteria include 'mycobacteria 
other than tuberculosis' (MOTT) and 'nontuberculous mycobacteria' (NTM).
Another term 'potentially pathogenic environmental mycobacteria' (PPEM) has been 
proposed by Wayne and Sramek (1992). They reviewed the systematics of mycobacteria 
and suggested that the distinction among MJuberculosis, MAeprae and the other species 
of mycobacteria is not the ability to cause serious disease in humans but rather differences 
in natural habitats and contagiousness, emphasizing the importance of environmental 
exposure to these mycobacteria.
The Mycobacterium avium complex (MAC) has also been referred to as different terms 
such as M.avium-MAntracellulare complex, or MAI since these two species are essentially 
indistinguishable at a phenotypic level. Sometimes, another species, M.scrofulaceum, 
which shares many phenotypic characteristics with the above two species, is grouped
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within this complex, the MAC is referred to as M.avium-MJntracellulare-M,scrofulaceum 
complex (MAIS). However, the inclusion of M.scrofulaceum is no longer appropriate 
according to mycobacterial systematics (Wayne and Sramek; 1992)
The Mycobacterium avium complex is composed of opportunistic pathogens capable of 
causing disease in both animals (Thoen et a l, 1981) and humans (Iseman et a l, 1985; 
Young et a l, 1986). The MAC are conventionally classified as acid-fast, slowly growing 
bacilli that may produce a yellow pigment in the dark. Sommers and Good (1985) defined 
common characteristic of the MAC which include slow growth at 37®C smooth, thin or 
rough colonies; negative niacin urease activity, hydrolysis of tween and positive tellurite 
reduction at 3 days.
2.1.2 Serotypes
The MAC is a serological complex of 28 serovars of two species, M.avium and 
MAntracellulare (Good and Beam, 1984). Serovar distinctions within the MAC are based 
on a séroagglutination procedure originally described by Schaefer (1965; 1967). Schaefer 
described distinct serovars within the MMvium complex using as antigens components of 
the glycopeptidolipids involved in capsule formation and bacteriophage attachment. 
Brennan showed that the serovar antigens of the MAC have a common lipopeptidyl-o- 
methyl rhamnose linked to an oligosaccharide. Wolinsky and Schaefer (1973) 
distinguished species within the MAC complex according to the 23 serovars they 
described using seroaglutination. On the basis of this more complete knowledge of the 
chemistry of the serovar antigens, strains now are serotyped by thin-layer chromatography 
and enzyme-linked immunosorbent assay (ELISA) analysis of species and type-specific 
glycolips as well as by the conventional séroagglutination procedure. Marks et a l, {1911)
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used thin-layer chromatography of glycolipids to identify mycobacteria and found that 
each of the distinct serovars of the MAC corresponds to a different glycolipid pattern. 
Rivoire et a l, (1989) described an ELISA system that used murine monoclonal antibodies 
to specific sugar epitopes of the MAC derived from synthetic neoantigens.
2,1,3 Mycobacterial DNA and rRNA studies
The first studies on DNA relatedness in mycobacteria were performed by Baess 
(1979) who distinguished strains of M. avium and MJuberculosis and subsequently 
demonstrated that some MJntracellulare serovars were, in fact, M,avium strains (Baess, 
1983).
Yoshhimura and Graham (1988) confirmed the latter DNA relatedness studies and showed 
that serovars 1 to 6 and 8 to 11 were M.avium whereas serovar 7, 13 to 28 were 
MJntracellulare by DNA relatedness studies. Saito et al. (1990), used the GenProbe 
DNA-rRNA hybridization system to analyze the species distribution of serovars and 
concluded that 21 is most likely M.avium and serovars 7, 12 to 20, and 25 are 
M. intracellulare. GenProbe consists of two ^^^I-labelled cDNA probes complementary to 
the corresponding ribosomal RNA (rRNA) of M.avium and M.intracellulare which allows 
for differentiation between the two species. Boddinghaus et al. (1990) and Stahl and 
Urbance (1990) distinguished M.avium complex serovars using a comparison of the 168 
rRNA sequences from several MAC strains.
Thorel et al. (1990), have proposed three subspecies of M. avium on the basis of 
phenotypic properties and nucleic acid studies: M.avium subsp. avimn, M.avium subsp. 
paratuberculosis andM.avium subsp. silvaticum.
The International Working Group on Mycobacterial Taxonomy (IWGMT) has suggested, 
however, that there is taxonomic evidence for a third genospecies within the MAC 
(Wayne et. al., 1991).
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Serovar and DNA relatedness studies have led to the consensus that serovars 1 through 6 
and 8 through 11 are assigned to M.avium while serovars 7, 12 through 17, and 19, 20, and 
25 are assigned to MJntracellulare (Saito et a l, 1990).
2, i. 4 Multilocus Enzyme Electrophoresis types
Wasem et a i, (1991) analysed 35 strains of the MAC by multilocus enzyme 
electrophoretic typing using more than 20 different enzymes. They obtained 33 different 
electrophoresis types and classified the strains into two main groups according to the 
electrophoresis types obtained; (1) M. avium and M.paratuberculosis serovars 1 to 4 and 8 
to 10 and, (2) MJntracellulare and M.scrofulaceum serovars 12, 14, 16 and 19. These 
results completely agree with DNA relatedness studies, GenProbe DNA-rRNA 
hybridization and serovars studies.
2,L5 Phage types
Phage typing system has been used to discriminate several strain of M. tuberculosis 
(Snider et al., 1984). Crawford et al., (1981) developed a phage typing system for the 
MAC. They analysed several hundred strains of the MAC isolated from different sources 
for susceptibility to mycobacteriophages.
Although the phage typing system showed promise as a reliable epidemiological tool, 
most of the strains tested showed a lack of phage susceptibility due to several factors such 
as the presence of a restriction modification system, lysogenic immunity and plasmid 
interference that influence the phage susceptibility of the MAC.
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2.1.6 Plasmid types
It is clear that M.avium complex have received renewed attention since their 
significance in the Acquired Immunodeficiency Syndrome (AIDS). Many plasmid content 
studies have been carried out to investigate the possible role of plasmids in the biology 
and pathogenicity of the MAC which may be important because of the suggested 
association of plasmid with virulence factors and antibiotic resistance. Thus, 
Gangadharam et al. (1988) examined the association of plasmid and virulence of MAC. 
Briefly, M.avium complex strain LR25, which carries 3 plasmids, was shown to be of high 
virulence in mice. LR163, a 'cured' derivative of LR25 that lacks all 3 plasmids, was of 
low virulence in mice as judged by low mortality and non-progressive increase in 
organisms in spleen and lungs. They concluded that there was an implication of plasmids 
in virulence oîM.avium complex. However, RFLP typing studies by Kunze and McFadden 
(unpublished) showed that LR25 is an MMvium strain, whereas LR163 is an 
MJntracelMare strain. These results were subsequently confirmed by Gen-Probe assay 
which led to the conclusion that these studies are invalid (Falkinham and Crawford, 1994). 
Pethel and Falkinham III (1989) demonstrated plasmid-influenced changes in M.avium 
catalase activity and concluded that plasmid-encoded genes influence M.avium catalase 
activity in general. Franzblau et a l (1986) performed a screening of mycobacterial 
plasmids and conclude that there is a possible relationship to antibiotic resistance. 
Furthermore, Mizuguchi et a l (1981) obtained evidence for the implication of plasmid 
DNA on the translucent-to-opaque variation mM. intracellulare strains.
However, plasmid typing is limited for epidemiological studies since only 50% of clinical 
isolates and only 20% of environmental isolates carry plasmids (Meissner and Falkinham,
1986).
The first procedure for the isolation of plasmid from mycobacteria was described by 
Crawford and Bates (1979) identifying plasmids in MAC strains. The same authors in
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1986 described the presence of plasmids in all strains tested which were isolated from 
AIDS patients finding that those plasmids hybridized to a small plasmid pLR7 derived 
from a serovar 4 MAC strain, suggesting that plasmids may play a pathogenetic role in 
patients with AIDS. However, no data to confirm a role for plasmids in the pathogenicity 
of MAC are available. These results do not agree with other more recent studies that 
showed that only 5 of 16 MAC isolates from AIDS patients in Denmark carried plasmids 
(Jensen et a l, 1989) and that there were no difference in the rate of plasmid carriage in 
128 strains from AIDS and non-AIDS patients in the United Kingdom (Hellyer et al.
1991). Morris et al. (1990) characterized plasmid extracted from AIDS-associated 
M. avium isolates and identified the presence of multiple small plasmid in most of the 
isolates but restriction analysis suggested that plasmid were not identical, they concluded 
that plasmids may not be required for the development of disseminated MAC disease and 
the role of plasmids can only be determined by virulence transformation experiments.
Most of the the studies involving association of plasmid content with specific 
characteristic are inadequate and unreliable because the strains are not isogenic. In order 
to obtain conclusive evidence it is necessary to isolate the plasmid and introduce it into a 
plasmid-free strain and subsequently test its ability to confer the specific phenotype.
2,1.7 RFLP types
M.avium complex strains can be distinguished by restriction fragment length 
polymorphism (RFLP) analysis of genomic DNA. Separation of bands is achieved by 
using endonucleases with both frequent and infrequent restriction sites. Me Fadden et al. 
(1987a, b) and Hampson et al. (1989) showed that the probe pMB22, which carries DNA 
sequence from M.paratuberculosis, can be used in a RFLP typing system using an 
endonuclease with fi-equent restriction site such us PvuTL and, furthermore, M.avium 
strains can be distinguished on the basis of possession of the insertion sequence IS901.
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The enzymes Dral (AAATTT) and Sspl (AATATT) have infrequent restriction sites 
within the mycobacterial DNA since this contains a high percentage of G+C (62 to 70 
mol%) which allows for the obtaining of few large restriction fragments that can be 
resolved by field inversion gel electrophoresis (FIGE), a version of pulsed-field gel 
electrophoresis (PFGE). Levy-Frebault et a l (1989) using Dral and pulsed-field gel 
electrophoresis showed that strains of M.paratuberculosis were identical to strains of 
mycobacteria isolated from patients with Crohn's disease, confirming the early 
observations of McFadden et a l (1987a). Furthermore they showed that wood pigeon 
mycobacteria could be distinguished from M.paratuberculosis and that M.avium isolates 
were readily distinguished from M.intraceUulare, Coffin et a l (1992) using Sspl and 
pulsed-field gel electrophoresis showed that RFLPs allow for the distinction of 
M.paratuberculosis strains isolated from cattle. Mazurek et a l (1993) analyzed 72 MAC 
isolates from 44 patients. RFLP patterns generated with Dral were unique for different 
patients, whereas multiple isolates from individual patients, were identical. However, 
Arbeit et a l (1993) recently reported two patients who were infected with more than one 
strain of MAC, suggesting that mixed infections may be common in certain patients.
3. Mycobacterium avium INFECTION IN ANIMALS
The early recognition of avian tuberculosis was reviewed thoroughly by Feldman 
(1938). Tuberculosis of chickens was described in England in 1868, and it was recognized 
that the avian tubercle bacillus, M. avium was distinct from the human variety in 1890.
In addition to chickens, many birds and animals, including swine and cattle are susceptible 
to infection. Mycobacterium avium causes avian tuberculosis in most, species of birds 
although the susceptibility to disease varies widely from species to species. Disease in 
birds is almost always caused by serotypes 1, 2 or 6 (Grange et a l, 1990). The avian
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mycobacteriosis was recognized as an important cause of disease in poultry flocks (Thoen,
1978). Organisms of M.avium-intracellulare are excreted in the feces of infected birds and 
have been found to persist in soil for long periods of time. Thus, eradication of the 
organisms from infected flocks may be difficult.
Infection due to MAC in swine is the most common cause of swine mycobacteriosis 
(Thoen, 1975). Decreased levels of infection in the flocks has led to a decrease in 
infection in swine, suggesting that the most common source of swine infection is disease 
in poultry. In cattle the most frequent serotypes isolated are 1, 2, 3 and 8 (Grange et a l,
1990). Disease due to MAC also has been described in a variety of other animals, 
including non-human primates. In monkeys, MAC causes an enteric disease with 
prominent gastrointestinal symptoms (Sesline et a l, 1975), serotypes 1/8, 4 and 18 being 
the most frequent isolated serotypes. Disease due to M.avium is common in pigs. Although 
many different serotypes have been isolated from pigs, most outbreaks of disease have 
been due to serotypes 2,4, 6 and 8 (Grange et a l, 1990).
Zorawski et al (1970) described the isolation of M.avium, serotype 2 from mesenteric 
lymph nodes in sheep. Buergelt et a l (1976), described lesions in the neck and intestine of 
horses. Prave et a l (1975), reported an infection in a leopard caused by M.avium serotype 
2. The avian tubercle bacillus has also been found in cats (Drolet, 1986), dogs (Beaumont 
et a l, 1981), deer (Matthews et a l, 1981), snakes (Griffith, 1941), turtle (Thoen and 
Himes, 1980) and in vrild boar (Viallier and Viallier, 1980).
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4. Mycobacterium avium INFECTION IN HUMANS
4.1 Distribution of M,avium complex in Nature and sources of infection
Organisms of M.avium-intt'acellulare have been found in a variety of environmental 
sources such as soil (Wolinsky and Rynearson 1968), water (Collins et a i, 1984), dried 
plants (Nel, 1981) and in house dust (Reznikov et al.\91V). Kubica et al., (1961) found 
strains of MAC in 5 percent of the samples of soil from Georgia and concluded that 
transmission to animal and man may occur, with water as an intermediate vehicle. 
Reznikov and Dawson (1980) in Australia found organisms of M.avmm-intracellulare in 
samples of soil and shown a correlation between the prevalence of isolates from the soil 
and the frequency of isolates from the samples of sputum from patients with pulmonary 
disease, suggesting that environmental reservoirs are the primary sources of infection in 
man.
Goslee and Wolinsky (1976) isolated M.avmm-mtracellulare from a variety of samples of 
water in Ohio. Grufr et al. (1981) also isolated MAC strains from 25% of water samples 
tested. The same authors have shown that M.avium-intracellulare may be concentrated 
and preferentially aerosolized from water. The demonstration of M.avium-intracellulare 
in aerosols and drain water suggests that aerosolization of these organisms from natural 
sources in water may be a major source of infection for man.
Although some early reports suggested that the primary source of disease due to M.avium- 
intracellulare in man was animal infection (Kubin et al., 1966), Schaefer (1968) showed 
serotypic divergence of human and animal isolates of MAC indicating that this disease in 
animals was not of great importance to human disease. Meissner and Anz (1977) studied 
the M. avium complex in man, animal and the environment and concluded that although 
M.avium is an important cause of disease in poultry and swine, serologic studies have not 
indicated that animal-to-human transmission is important in human acquisition of
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infection. Thus, It is now generally accepted that environmental sources, especially natural 
waters, are the reservoir for most human infections caused by M. avium complex.
4.2 M,avium DISEASE IN NON-AIDS PATIENTS
4,2.1 Introduction
Although first observed soon after Koch's discovery of the tubercle bacillus, MAC 
complex were not widely recognized as human pathogens until the 1950s when several 
large series of patients with MAC disease were reported. (Crow et al., 1957; Lewis et al., 
1960).
Timpe and Runyon (1954) reported three patients with pulmonary disease due to 
M.avium-intracellulare. During the next several years, large series of patients with such 
pulmonary disease were reported from tuberculosis hospitals in Georgia and Florida 
(Crow et al., 1957; Lewis et al., 1978) suggesting a relatively high prevalence of disease 
in the Southeast (U.S.A).
These patients were epidemiologically distinct from patients with tuberculosis, being 
older, more commonly white, and quite often with underlying chronic lung disease such as 
bronchiectasis, silicosis, and healed tuberculosis.
In addition to pulmonary disease, M. avium-intracellulare has been found to be a common 
cause of nontuberculous mycobacterial disease involving nodes and bone.
Patients with MAC disease tended to react more strongly to skin test antigens prepared 
from the infecting mycobacterial species than to standard antigens prepared from 
M. tuberculosis (Edwards and Palmer, 1958).
As reports of patients with MAC disease increased, it became apparent there was marked 
geographic variability both in the prevalence of disease and in the mycobacterial species
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responsible for disease. A large proportion of patients were from rural areas, in contrast to 
patients with tuberculosis, who were more likely to have lived in urban areas (Ahn et al, 
1979).
4,2,2 Clinical features in non AIDS patients
4.2.2.1 Pulmonary disease
Chronic pulmonary disease resembling tuberculosis is the most common clinical 
presentation associated 'mXh.M.aviim Complex (Wolinsky and Rynearson, 1968).
In 1943, the first case of human disease due to M.avium was reported in a middle age 
miner from Minnesota with the classic symptoms of the pulmonary disease due to this 
organism (Feldman et al., 1943). During the next two decades, a number of cases of 
pulmonary disease were reported (Timpe and Runyon, 1954; Crow et al., 1957; Lewis et 
a i, 1960), and until the emergence of AIDS, lung infection alone was the most common 
presentation of disease due to this organism.
The symptoms are varied and nonspecific, commonly including chronic productive cough, 
dyspnea, hemoptysis, sweats and fatigue. Fever and weight loss can occur but are less 
severe than with M. tuberculosis. Approximately 75% of patients have evidence of thin- 
walled cavity with dense surrounding infiltration on chest X-rays (Christensen et al.,
1979). However, this may be seen in ordinary tuberculosis, and they cannot be used for 
making a definitive diagnosis. Unfortunately, due to cross-reactions between PPD 
tuberculin with species-specific skin test antigens, skin testing remains unhelpful in the 
diagnosis of pulmonary disease. In the absence of specific diagnostic features in the 
history and physical examination, the chest X-ray and differential skin testing, cultural 
isolation is essential for diagnosis. MAC organism may be isolated from the sputum in the 
absence of apparent disease, particularly in patients with chronic respiratory disorders.
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Diagnosis of patients with an immunodeficency that are at risk for pulmonary MAC 
disease is complicated by the presence of multiple pathogens (Kurzrock et al. 1984). Due 
to the presence of these organism in nature contaminating culture material, a single 
positive sputum culture does not suffice to diagnose disease. Given these reservations, the 
diagnosis of lung disease is usually not difficult. In most cases, the diagnosis of MAC 
pulmonary disease can be established without lung biopsy but in those patients with 
atypical radiographic presentation a lung biopsy may be necessary.
There is an enormous variation in the sex, age, and race of these patients although 
predominantly, pulmonary disease involves white males 45 to 65 years of age with 
preexisting pulmonary disease (Wallace et al., 1990). Pulmonary MAC disease in children 
is rare (Herrod et a l, 1979).
4.2.2.2 Disseminated infection
The most frequent presentation of disseminated infection in the immunocompromised 
host without AIDS is fever of undetermined etiology (Horsburgh et al., 1985). 
Dissemination may involve any organ system but, most commonly, the lungs and large 
airways, the mononuclear phagocyte system including the liver, spleen, and 
retroperitoneal nodes (Horsburgh et al., 1985), the gastrointestinal tract (Capped et al.,
1992), the skeletal system, and the skin (Friedman et al., 1988).
Disseminated M.avium complex disease in children may also occur in the setting of 
severe combined immunodeficency syndrome (Kiehn et a l, 1985). The isolation of 
organisms from sterile, closed sites such as bone marrow or blood, or from a skin biopsy, 
is diagnostic of the disease.
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4.2.2.3 Lymphadenitis
Infection of the submandibular, submaxillary, or cervical lymph nodes in children 
between 1 and 5 of age is the most common presentation of lymphadenitis caused by 
M.avium (Lincoln and Gilbert, 1972; Schaad et a l, 1979). In the absence of AIDS, adults 
are rarely affected by this disease (Wolinsky and Rynearson 1968).
The presumptive diagnosis of lymphadenitis is based on the histopathologic appearance of 
the lymph node showing granulomata with or without acid-fast bacilli and a negative 
tuberculin skin test. A simple diagnostic biopsy or incision and drainage of the involved 
lymph nodes should be avoided since these procedures are followed by fistulae formation 
with chronic drainage (Schaad et al, 1979).
4.2.2.4 Unusual Sites o f Infection
Chronic granulomatous infection caused by M.avium complex may develop in tendon 
sheaths, bursae, joints and bones after direct inoculation of the organisms through 
accidental traumas, surgical incisions or needle injections (Hofftnan et a i, 1978; Yangco 
et al., 1988; Eggelmeijer et al., 1992).
The disease is indolent and delays in diagnosis are common. Culture of the synovial 
material is necessary for diagnosis and the majority of cases respond to a combination of 
surgical excision of infected material and antituberculous chemotherapy (Eggelmeijer et 
al., 1992).
Finally, numerous cases of cutaneous abscesses, ulcerations or nodules due to infection 
with MAC organisms have been reported as consequence of hematogenous dissemination 
in an immunosupressed patient (Grice, 1983; Love, 1987; Friedman et a l, 1988).
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4.2.3 Treatment of disease in patients without AIDS
Initial therapy for patients with M. avium complex disease for whom treatment is 
indicated should consist of the four-drug regimen of isoniazid, rifampin, and ethambutol, 
with streptomycin for the initial 3 to 6 months of therapy. Daily therapy of five times per 
week is the preferred initial streptomycin therapy for patients with normal renal function. 
The exact dose will depend on the patient's age and weight. This should be given five 
times per week for 6 to 12 weeks, usually until some response to therapy is evident. The 
optimal length of drug therapy for M.avium complex is 18 to 24 months and for at least 12 
months after sputum culture conversion. Disseminated MAC disease in non AIDS patients 
is associated with a high degree of mortality and resistance to antimycobacterial therapy 
(Stone et al., 1992).
4.3 M.avium DISEASE IN AIDS PATIENTS
4.3.1 Epidemiology of M. avium infection in AIDS
The first M.avium infection in an AIDS patient was described by Zakowski et al. (1982). 
In USA, 96% of the mycobacterial infections in AIDS patients are due to M.avium 
(Grange et a l, 1990). Thus, organisms of the M.avium complex are the most common 
cause of systemic bacterial infections in AIDS patients.
Before the acquired immunodeficiency syndrome (AIDS) epidemic, only 37 cases of 
disseminated Ivfycobacterium avium complex infection had been reported (Horsburgh et 
a l, 1985). However, disseminated MAC was soon noted to be a frequent opportunistic 
infection in AIDS (Zakowski et a l, 1982) and MAC has been found in 17% to 50% of 
reported AIDS patients (Collins, 1986).
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Soon after the initial reports of AIDS, in southern California, disseminated disease due to 
M.avium complex was found at postmortem examination in eight of the first nine patients 
dying at a large university hospital (Zakowski et a i, 1982). High numbers of acid-fast 
bacilli were seen in both the gut and the lung (Damsker and Bottone, 1985; Stover et a l, 
1984). This recognition of many cases of infection only at autopsy and the minimal 
inflammatory response caused by the organism led some authors to conclude that MMvium 
complex was merely a colonizer of moribund patients and was not responsible for illness 
(Demopulos et a/.,1985; Young et a i, 1986)
With the appearance of increasing numbers of AIDS patients, it was clear that 
disseminated lung and intestinal M.avium complex infections were a serious contributory 
factor to the high mortality seen in these patients (Fauci et a l, 1984; Pinching, 1987). 
Subsequent studies have shown that disseminated M. avium complex infection makes a 
substantial contribution to both increased illness and death in patients with AIDS (Masur 
et a l, 1987; Horsburgh and Selik, 1989; Hoy et a i, 1990; Chiu et a i, 1990; Kemper et al., 
1992a).
Most AIDS-associated MAC infections in the UK and the USA are due to serotypes 1, 4 
and 8 (Good, 1985). However, based on the distribution of MAC serotypes in 
immunosuppressed and transplant patients (Good and Snider, 1982), they are no more 
invasive or virulent than several other serotypes (2,6,12 and 16) which rarely occur in the 
AIDS population (Armstrong et al., 1985; Young et a l, 1986). On the other hand, in 
Sweden, while the incidence of disseminated MAC disease is relatively low in patients 
vrith AIDS, serovar 6 is most commonly isolated from clinical specimens in that country 
(Hoffher, 1988).
In Africa, the human and environmental isolate, RFLP type H, does not correlate with any 
known strain isolated from Western or European AIDS patients (Me Fadden et a l, 1992). 
Masur, (1982) suggested that the particular nature of the immmune deficit induced by the
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human immunodeficiency virus (HIV) may favour infection by M. avium complex. As an 
extension to this, Collins (1986) postulated that M.avium complex are not merely casual 
opportunists but that certain strains play an active role together with the HTV in 
compromising the immunity of the host. This observation is in line with the results of 
restriction fi-agment length polymorphism (RFLP) analysis by Hampson et a l (1989) 
which revealed that, irrespective of serotype, 73% of M.avium complex strains isolated 
from ADDS patients presented the same RFLP type A  This type was only found in 39% of 
MAC strains from non-AIDS patients and in none of the healthy individuals suggesting 
that RFLP type A may act synergistically with the HIV to lower the host's immunity 
further allowing infection by other opportunists (Grange et al 1990).
The incidence of MAC is greater for patients with ADDS compared with those HIV- 
infected patients vrithout ADDS, suggesting that disseminated MAC may be an inevitable 
outcome in all HIV-infected patients who do not die of other causes (Chaisson et a l, 
1992; Nightingale et a l, 1992).
Although there is no apparent age discrimination, in patients with HIV infection, 
disseminated M.avium complex disease is more fi-equent in men than in woman (9.4% 
versus 7%), in homosexual and bisexual men compared with persons in other HIV risk 
categories (9.5% versus 6.2%), and in adults compared with children (8.3% versus 5.7%) 
(Horsburgh, 1992). Disseminated MAC infection is more frequent in Caucasians 
compared to Hispanic, Haitian, and Afiican-Americans (Modilevsky et a l, 1989; 
Horsburgh and Selik, 1989; Horsburgh, 1992). In contrast, infection due to MJuberculosis 
is more common in Hispanic, Haitian, and African-Americans compared to Caucasians 
(Blaser and Cohn, 1986). Although it is an increasingly common infection in USA and 
other developed countries (Horsburgh and Selik, 1989), disseminated MAC infection is 
uncommon in ADDS patients in countries of Africa and other developing nations 
(Morrissey et a l, 1992) probably due to significantly higher incidence of tuberculosis and
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toxoplasmosis in patients with AIDS from developing countries compared with those from 
developed countries (Blaser and Cohn, 1986).
Environmental exposure may differ between populations; whereas 98% of MAC 
infections in AIDS patients are due to M. avium, approximately 40% of MAC isolates from 
Non-AIDS patients are Mintracellulare (Guthertz et a l, 1989). Based on RFLP analysis, 
73% of the MAC strains recovered from individual patients with AIDS were found to be 
indistinguishable (Hampson et a l, 1989) suggesting that the source, route of infection, and 
host factors may differ in patients with and vrithout HDTV infection.
4.3.2 Clinical features in AIDS patients
4.3.2.1 Focal disease
The most common clinical presentation is that of persistent cough, fever, sweats, 
malaise and weakness. Focal pulmonary infection associated with respiratory symptoms 
(Modilevsky et a i, 1989; Wallace et al., 1990) and gastrointestinal symptoms have been 
described, the latter ranging from mild abdominal pain to persistent diarrhoea with 
significant malabsortion (Armstrong et a l, 1985) but they are not usually a prominent 
feature of the clinical presentation of M.avium complex disease in AIDS patients. Thus, 
such infections may be symptomatic or asymptomatic.
Distinction between colonization and infection is difficult, particularly in asymptomatic 
patients. The MAC is commonly isolated from sputum or stool culture specimens in 
patients with AIDS (Benson et al., ; Helbert et a l, 1990, Horsburgh et al., ; Jacobson et 
a l, 1991) which is a risk factor for disseminated disease, but 64% to 75% of patients who 
develop bacteremia have no previous evidence of colonization (Chin et a l, 1992).
MAC pulmonaiy disease may be clinically and radiographically indistinguishable from 
bacterial pneumonia or tuberculosis. Determination of the etiologic agent from sputum or 
bronchoalveolar lavage fluid may be difficult, and more than one pathogen may be
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present. HIV-positive patients with sputum culture positive for MAC and with persistent 
symptoms and radiographic disease, may be considered candidates for antimycobacterial 
therapy. Peripheral lymphadenidis due to M.avium complex may occur in AIDS patients 
with HIV infection, associated with cutaneous lesions (Barbare et a i, 1989).
4.3.2.2 Disseminated Infection
According to Horsburgh (1991) three main factors have contributed to the increasing 
frequency of disseminated M.avium complex disease in AIDS. First, easier establishment 
of diagnosis due to the increased availability of mycobacterial blood culture. Second, lack 
of diagnosis of disseminated M. avium complex infection early in the AIDS epidemic and 
third, improvements in the diagnosis, prophylaxis, and treatment of other opportunistic 
diseases, has resulted in an increase in survival of AIDS patients, and disseminated 
M. avium complex infection occurs late in the course of HIV infection.
Patients with disseminated M. avium complex infection have a variety of symptoms and 
signs. The most common clinical presentation is that of persistent fever (with or without 
night sweats), anorexia and weight loss. Less common presentations are chronic diarrhea, 
nausea, abdominal pain, and extrahepatic obstruction (Kemper et a i, 1992a).
Splenic and hepatic enlargement is common but peripheral lymphadenopathy is 
uncommon. Worsening anemia and elevated alkaline phosphatase, not associated with 
comparable elevations in hepatic transaminases are signs of disseminated infection by 
M.avium (Kerlikowske and Katz, 1992).
Although the mononuclear phagocyte system is the predominant site of infection, almost 
any organ system can be involved, including the skin (Noel et a l, 1988), bone and joints 
(Blumenthal et a l, 1990), eyes (Cohen and Saragas 1990), thyroid (Hawkins et a l, 1986), 
testis (De paepe et a l, 1990) and brain. Bacteremia, with the organism found almost
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exclusively in circulating monocytes, occurs in 86 to 98% of patients with disseminated 
disease (Hawkins et a l, 1986).
Children with HIV infection and disseminated MAC present signs and symptoms similar 
to those of adults with HTV infection (Lewis et a l, 1992).
The diagnosis can be established by culture of any normal sterile site, but blood, bone 
marrow, and lymph node or liver are the most likely sites of involvement (Bermudez and 
Young, (1988), Belisle et a l, 1991). Patients with diarrhea and malabsorption, and 
negative smears for acid-fast bacilli in the stool, may require a small bowel biopsy. 
Histologically, granuloma formation is not usually seen, but sheets of macrophage filled 
with acid-fast organisms are commonly found.
Demopulos et a l, (1985), suggested that disseminated M.avmm complex infection was 
associated with prolonged survival. However this was because patients with AIDS who 
survive longer are at risk for this infection, because of their declining immune function 
(Horsburgh and Selik, 1989).
At autopsy, death is seldom attributed directly to M.avium complex (Wallace and Hannah, 
1988). The shortened survival of patients with disseminated infection is presumably due to 
their severe loss of weight (Klatt et a l, 1987).
4.3.3 Treatment of disease in AIDS patients
Most patients without ADDS appear to respond to multiple-drug regimens. However, 
the response and long term prognosis of patients with AIDS have been generally poor, as 
disseminated M.avium complex disease occurs as a late opportunistic infection in severely 
immunocompromised patients (Hawkins et a l, 1986).
Although, no single agent or combination of agents has proven effective in treating MAC 
disease in AIDS patients, several trials have shown some degree of clinical and 
microbiologie efficacy (Gordon et a l, 1992).
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Kemper et a l, (1992b) treated 31 AIDS patients with a four-drug oral regime: rifampicin, 
ethambutol, clofazimine and ciprofloxacin. 13 (42%) became culture negative by 12 
weeks. Symptoms improved in more than 70% of patients, but a clinical response was not 
seen until 3 or 4 weeks of therapy. After this period, fever symptoms persisted due to 
another infection rather than failure of MAC therapy. Similar results were obtained in an 
oral regimen carried out by Gordon et a i, (1992).
Multiple-drug therapy that includes ethambutol, rifampin (or rifabutin), clofazamine, and 
an injectable aminoglycoside has clearly resulted in symptomatic and clinical 
improvement in most (Baron and Young, 1986; Bach, 1989) but not all (Masur et a i,
1987) patients. Other drugs used include daily isoniazid, cycloserine, and ciprofloxacin. 
Amikacin has often been used in place of streptomycin as serum levels are easily obtained 
intravenously.
Different efficiency trials of azithromycin, clarithromycin, rifampicin, ethambutol, 
clofazimine, and sparfloxacin have been carried out by Kemper et a i, (1992c). They 
observed that four-drug combination regimens of these agents are more effective than the 
effect of the agents alone. Chaisson et al, (1992) used a clarithromycin therapy alone 
finding that after 12 weeks, there was a 99.5% median reduction in colony counts.
In another study by De Lalla et a l, (1992), clarithromycin was used in combination with 
clofazimine. After only 1 week of therapy, bacteremia was rapidly eliminated in 100% of 
the patients.
The optimal duration of treatment for disseminated MAC infection is unknown, but 
discontinuation of therapy often results in a recurrence of bacteremia (Kemper et al, 
1992b).
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4,3.4 Prophylaxis of MA C disease in AIDS patients
Cameron et a l, (1992) and Gordin et a l, (1992) demonstrated that antibiotic 
prophylaxis could prevent or delay bacteremia in AIDS patients with CD4^ cell counts of 
<200 per mm^. Overall, the frequency of MAC bacteremia was reduced by 50% for 
patients who received rifabutin. Prophylaxis with rifabutin also reduced the frequency of 
clinical signs and symptoms associated with MAC infection, such as fatigue, fever, 
anemia, and elevated alkaline phosphatase although there was no difference in the 
incidence of chills, sweats, diarrhoea, abdominal pain, or weight loss. On the basis of this 
data, a U.S. Public Health Service Task Force (1993) recently recommended that 
prophylaxis be considered for all HIV-infected patients with fewer than 100 CD4"  ^ cells 
per mm^.
29
Introduction
5. IS: INSERTION SEQUENCES
5.1 Introduction
Insertion Sequences (IS) are mobile segments of DNA present in bacterial genomes. 
IS are the simplest transposons and are capable of modifying gene expression, altering the 
function of genes and causing genome rearrangements. The first insertion sequences were 
discovered during early investigations of the molecular genetics of gene expression in 
E.coli and bacteriophage lambda.
They were initially detected as mutations in the galactose and lactose opérons of E.coli 
and genes of bacteriophage lambda. Hybridization and heteroduplex analysis showed that 
these mutations were insertions of the same segment of DNA in different positions and 
orientations.
The sizes of IS range from 800 to 2500 base pairs (bp), and can be found in the genomes 
of many bacteria varying from few to hundred copies per genome. IS are frequent as 
components of natural plasmids being associated with genes responsible for antibiotic 
resistance: the drug-resistance transposons.
Nowadays, it is known that ISs induce deletions, inversions, and replicon fusions due to 
their ability to generate a new joint between nonhomologous DNA segments. They are 
also susceptible to internal rearrangements. Insertion sequences may contain a promoter 
or can create 'hybrid promoters' by insertion event which originate the transcription of 
flanking genes.
Beside the study of gene expression, ISs can be use to investigate recombination and 
repair processes, population dynamics as well as genetic mapping, gene organization and 
gene cloning.
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5.2 Occurrence, variety, and distribution of ESs
Many insertion sequences have been discovered in the genomes, plasmids, and 
bacteriophages of a wide range of bacterial genera and species some of which are 
represented in Table 2.
The smallest known, IS /, is 768 bp in length carried by the strain E.coli K-12. Most 
laboratory strains of E.coli K-12 carry several copies (6-9 copies). The copy number for 
a given IS can vary considerably from strain to strain. The copy number of a IS is 
determined by DNA hybridization techniques.
The presence of large numbers of an insertion sequence might be expected to have a 
strong influence on the structure and stability of the genome since, in addition to their 
transposition properties, insertion elements also act as substrates for homologous 
recombination (Galas and Chandler, 1989).
The insertion sequences of a same family are not identical, they might differ in their base 
pair sequence although they conserve common characteristics such as length, affinity for 
the same site of insertion and they usually present a high homology at their flanking 
regions.
Table 2. Insertion sequences associated with bacteria.
Name IS Size Source year
IS/ 768 bp Escherichia coli 1979
IS2 1327 bp Escherichia coli 1979
IS3 1258 bp Escherichia coli 1979
1S4 1426 bp Escherichia coli 1981
ISRI 1150 bp Rhizobium lupini 1981
1S600 1264 bp Shigella sonnei 1987
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IS5/ 1311 bp Pseudomonas savastanoi 1986
IS53 2568 bp Pseudomonas savastanoi 1993
IS222 1350 bp Pseudomonas aeruginosa 1986
1S406 1368 bp Pseudomonas cepacia 1991
IS60 1200 bp Agrobacterium tumefaciens 1981
ISI131 2773 bp Agrobacterium tumefaciens 1992
IS4400 1150 bp Bacteroides fragilis 1985
1S476 1225 bp Xanthomonas campestris 1987
ÏS116 1400 bp Streptomyces clavuligerus 1990
1S112 836 bp Streptomyces albus 1991
IS1031 950 bp Acetobacter xylinum 1991
IS1380 1665 bp Acetobacter pasteurianus 1991
ISIOOO 1196 bp Thermus thermophilus 1990
IS232 2184 bp Bacillus thuringiensis 1990
IS892 1675 bp Cyanobacterium anabaena 1991
IS/765 1553 bp Leuconostoc mesenteroides 1992
i s i m 1137 bp Neisseria meningitidis 1992
1S1086 1106 bp Alcaligenes eutrophus 1993
IS1138 1288 bp Mycoplasma pulmonis 1993
IS900 1451 bp Mycobacterium paratuberculosis 1989
IS6100 880 bp Mycobacterium fortuitum 1990
ISU41 1596 bp Mycobacterium intracellulare -
1S986 1358 bp Mycobacterium tuberculosis 1990
IS6110 1358 bp Mycobacterium tuberculosis 1990
unnamed 969 bp Mycobacterium tuberculosis 1993
IS/652 947 bp Mycobacterium kansasii 1993
IS1081 1324 bp Mycobacterium bovis 1991
JS987 1361 bp Mycobacterium bovis 1991
IS/696 2275 bp Mycobacterium smegmatis 1991
IS6/26 1500 bp Mycobacterium smegmatis 1992
IS//57 1361 bp Mycobacterium smegmatis 1994
IS96/ 1472 bp Mycobacterium avium 1991
IS ///6 1457 bp Mycobacterium avium 1994
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Apart from being natural residents of the genome, ISs are widely distributed in bacterial 
plasmids and bacteriophages. For instance, IS2, IS3 and Tn 1000 reside in the plasmid F 
(Hu et a l, 1975) and ISi is a constituent of the prophage PI (lida et a l, 1978). The same 
kind of IS element, such as IS i, can be found on plasmid, phage genomes, and 
chromosomes of different bacteria. Sometimes the isolates from different species 
represent variants (Comelis and Saedler, 1980 ; lida et a/., 1981 ; Ohtsubo et al, 1981). 
Several IS elements can function efficiently in bacteria that do not contain the same IS 
element in their chromosome. IS i# is active in both E.coli K12 and Salmonella 
typhimurium, although their chromosomes contain no ISi# sequence (Ross et a l, 1979). 
Other IS elements, such as ISRl, are active in one microorganism but not in another 
(Priefer et a l, 1981). This difference could be explained either by the degree of 
expression of the transposition functions coded by the IS element or by the host factors 
involved.
5.3 Genetic effects of IS elements
S.3.I Host mutants affected by IS
ISs depend to some extent on host DNA replication functions. E.coli mutants 
exhibiting increased or decreased frequencies for events promoted by IS elements have 
been isolated in different ways by several laboratories (Clements and Syvanen, 1981; 
Sasakawa et a l, 1981). However, although ISs produce spontaneous mutations in bacteria, 
it is difficult to assess the contribution of insertions to the overall frequency of mutations 
since frequencies of transposition are influenced by several factors such as location of the 
DNA target (chromosomal or extrachromosomal), the specific affinity of the target for a 
given insertion sequence, the variety and number of insertion sequences carried by the 
bacteria in question, the growth conditions of the culture and the selection procedure.
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5.3. L I  Excision
Excision occurs following intrastrand pairing between inverted repeat sequences, leading 
to the 'extrusion' of the intervening DNA segment and its deletion by replication 
'slippage' across the small directly repeated target sequences, resulting in restored 
function of a gene inactivated by IS insertion (precise excision) or in relief of polarity on 
genes located downstream from the insertion. Imprecise excision leaves a remnant of the 
transposon, sufficient to prevent reactivation of the target gene, but insufficient to cause 
polar effects. Precise and imprecise excision occurs at a frequency of 10"  ^ and 10"^  
respectively for Tn5 (Lewin, 1983).
5.3.1.2 Dupl ication o f target sequences
Insertion of an IS element is usually accompanied by a short duplication of target DNA 
such that the transposed element is franked by direct repeats of target DNA. The length 
of the duplication, but not its nucleotide sequence, is usually specific for the particular IS 
element and characterize the IS. These 2 to 12 bp direct repeats of target DNA sequences 
are believed to be formed by the introduction of staggered nicks at the target site and 
subsequent DNA synthesis associated with the replication of the entire IS element 
(Grindley and Sherratt, 1979).
insertion
Target DNA site
NNNNNNNNNNNNNNNNNATGCAMMMMMMMMMMMMMMMM
NNNNNNNNNNNNNNNNNTACGTMMMMMMMMMMMMMMMM
Duplication of target DNA 
IS
NNNNNNNNNNNNNNNNATGCA--------------------------ATGCAMMMMMMMMM MMMMMMM
NNNNNNNNNNNNNNNNTACGT TACGTMMMMMMMMM MMMMMMM
Fig 1. Duplication of 5 bp target DNA by the insertion of a IS.
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The general nature of the insertion reaction is illustrated in figure 2.
The target DNA is recognised by the transposase of the element (1). Transposase makes 
staggered breaks in the target DNA generating a target site for the IS to be inserted (2). 
The stagger between the cut on the two strands determines the length of the direct 
repeats; thus the target repeat characteristic of each transposon reflects the geometry of 
the enzyme involved in cutting target DNA. The IS is joined to the single-stranded ends 
(3) and subsequently the gaps are filled in and sealed by repair enzymes (4).
INSERTION SITE
Y
A
IS
IS
T
Short direct repeats of target DNA
Fig 2. Mechanism of insertion of ISs.
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The frequency of insertion determines the number of IS copies generated which 
characterizes the transposition frequency or mobility of a given IS.
Following transposition of the IS, an additional copy of the IS is generated at a new 
insertion site in the chromosome as discussed below in more detail. The transposon does 
not leave its former site in the course of transposition. One copy remains at the original 
site, while the other is found at the new site. Thus, transposition is accompanied by an 
increase in the number of copies of the IS.
5.4 Mechanisms of transposition
Transposable elements can move by either non-replicative or replicative mechanisms. 
This model has been proposed by several authors (Mizuuchi and Craigie, 1986 ; Grindley, 
1988 ; Mizuuchi, 1992).
1. Non-replicative transposition (cut and paste);
It is the simplest mechanism of transposition (Berg, 1977 ; 1983) in which the transposon 
(or insertion sequence) is excised from the donor molecule and inserted into a staggered 
cleavage of the target recipient without replication of the element. Excision of the 
transposon from the donor can occur in two subsequent steps: First, (Fig. 3) the transposon 
is single-stranded cleaved at its 3' extremities (I). A staggered cleavage of the target site 
leads to 5' protruding ends, which are ligated to the 3' ends of the transposon (II). This 
structure called the Shapiro intermediate leads to simple insertion of the transposon in the 
recipient following a second specific cleavage of the 5' ends of the transposon and filling 
in of the target site which generates the characteristic direct repeat of the target DNA that 
frank the transposon (III). Whether the donor is resealed or destroyed depends on the 
transposable element in question.
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Alternatively, transposition proceeds via double-stranded cleavages at both ends of the 
transposon DNA, resulting in the complete excision of the transposon from the donor in a 
single reaction. Tliis mechanism has been shown for ISIO (Bender and Kleckner, 1986 ; 
Morisato and Kleckner, 1984 ; 1987) and IS5# (Berg, 1983).
2. Replicative transposition;
Replicative transposition leads to a duplication of the element and the formation of a 
cointegrate in which the donor and the target recipient are joined by a copy of the 
transposon at each target/donor junction (IV). Resolution of the cointegrate results in two 
copies of the transposon in direct orientation, one contained within the original donor and 
another within the target recipient (Pato, 1989 ; Sherratt, 1989). Cointegrate structure is 
further discussed in the following section.
This structure can be resolved either by a site specific resolvase or by general 
recombination resulting in restoration of the transposon donor and insertion of one 
transposable element into the target recipient (V). Replicative transposition has been 
demonstrated to occur for Tni-like transposons (Gill et al., 1978) and bacteriophage Mu 
(Mizuuchi et a l, 1992).
Isolation of cointegrate structures is usually taken as evidence of replicative transposition 
but not conclusive as other pathways can produce the same product.
Although it might be thought that transposons and insertion sequences follow either non- 
replicative or replicative mechanisms, it is likely that they use both mechanisms to 
different extents.
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I) Donor
Recipient
Shapiro
intermediate
Replication
IV)III)
Donor
Cointegrate
Recipient
Resolution
NON-REPLICATIVE TRANSPOSITION
Donor
Recipient
REPLICATIVE TRANSPOSITION
Fig 3. Mechanisms of Transposition (Shapiro 1979). 
This figure is adapted from Me. Adam (1994).
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5.5 IS- Mediated DNA Rearrangements
5.5.7 Deletions
Certain insertion sequences have the capacity to generate deletions of neighbouring 
DNA. The formation of deletions by ISs was first noted for an IS7 located in the gal 
operon. Deletions of sequences adjacent to an IS could result from two-stage process; 
transposition generates a direct repeat of an IS, and recombination occurs between the 
repeats. However, the majority of deletions that arise in the vicinity of ISs probably result 
from a variation in the path way followed in the transposition event itself. In the case of 
1S903 and 187^2, it has been found that deletions result in the appearance of an 
additional copy of the element (Bemardi and Bemardi, 1986).
5.5.2 Inversion
Another characteristic of insertion elements is the ability they possess to invert a 
neighbouring segment of DNA. Following the inversion of a DNA segment, a second 
copy of the insertion sequence appears flanking the segment in inverted orientation with 
respect to the first. This inversion mechanism has been reported in the transposition of 
IS7<?2 (Bemardi and Bemardi, 1986). However, it is possible that deletions and 
inversions occur due to transposition of the IS element into a replicon that already 
carried a copy of the same IS element. Depending upon the orientation of the transposed 
IS element relative to the preexisting copy, reciprocal homologous recombination would 
result in either deletions or inversions (lida et a i, 1983).
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5,5.5 Cointegrate structure
An important reaction mediated by some IS elements is replicon fusion to form a 
cointegrate structure. A replicon containing an IS element (donor replicon) may become 
fused with a replicon lacking the element (recipient replicon), as illustrated in Fig. 4. The 
resulting cointegrate has two copies of the transposon, one at each junction between the 
original replicons, oriented as direct repeats. The cointegrates generated by composite IS 
elements may have a duplication of either the whole element (Tn cointegrates) or the IS 
module (IS cointegrates). In early studies, cointegration of F plasmids was interpreted to 
occur by reciprocal, homologous recombination between preexisting copies of the same 
IS element carried on both of the participing replicons (Davidson et al., 1975) Indications 
that the duplication of transposable elements is associated with cointegration were first 
obtained for bacteriophage Mu and transposon Tn5 (Toussaint and Faelen, 1973; Gill et 
ai, 1978).
IS
DONOR
IS
COINTEGRATE
RECIPIENT
Fig 4. Formation of Cointegrates
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5.5.4 Transcriptional regulation
Transcription is influenced by IS elements since they cause a strong polar effect on 
the expression of genes located in the same operon (Jordan et a l, 1968; Shapiro, 1969; 
Malamy, 1970). The polar effect acts on the level of translation due to the presence of 
nonsense codons found in open reading frames. Transcriptional termination sites have 
been detected in several IS including IS5 (Kroger and Hobom, 1982). Extensive studies 
on the relief of polar effects caused by IS insertion have been carried out in IS2 (Saedler 
and Heiss, 1973; Saedler et ai, 1975). lida et a l, (1983) suggested that different 
mechanisms operate to activate genes adjacent to a newly integrated IS element: (1) an 
active promoter can be carried on the IS element (2) the integration can generate a new 
promoter at the junction with the IS insertion (3) a preexisting promoter can be activated 
and (4) sequences necessary for negative control can be inactivated. Neighbouring 
sequences may also influence the transcription from these promotes. Thus, the sequence 
formed by IS integration and the gene in question are responsible for the degree and 
mode of IS-mediated activation of the adjacent gene.
5.6 Composite transposons
One class of transposons comprises composite elements that consist of a central region 
which include a wide variety of genes, particularly those encoding antibiotic resistance or 
catabolic functions (See Table 3), flanked on either side by arms as illustrated in Fig 5. 
The arms consist of related IS sequences. IS elements render the entire structure 
transposable. To form a compound transposon, one copy of an IS must be inserted on 
either side of the interstitial gene. In general, the flanking IS element can occur in either 
relative orientation.
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> >
Arm L Central Region Arm R
)  <
IS IS
Fig 5. Structure of a composite transposon.
1. Composite transposon with direct repeats arms
2. Composite transposon with inverted repeats arms
The arrow indicate the orientation of the arms, which are identified as L and R according 
to an arbitrary orientation of the genetic map of the transposon from left to right.
The probability of formation of new composite transposons and their subsequent 
persistence in the population depends upon several factors such as the specificity of 
insertion, the possible insertion of a second, adjacent IS and the coherence and stability 
of the transposons.
Coherence of a composite transposon is the tendency to transpose as a unit, as opposed to 
the independent transposition of the component ISs. The properties of the internal DNA 
segment and the sequences surrounding the transposon can influence the natural 
occurrence of the composite transposons.
Rearrangements in the activity of the ends of ISs due to mutation (Berg, 1983) or 
transcription jftom the internal DNA into one of the IS elements (which would result in a 
loss of the activity of the ends of ISs) would tend to favour the coherence or transposition 
of the composite transposon. Table 3 shows some composite transposons.
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Table 3. Composite transposons.
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Element
TïilO
TnJ
TnPOi
Tn9
Length
9300bp
5700bp
SlOObp
2500bp
G. Marker
tei^
kof^
kof^
can^
Terminal Arms
IS10L,R
IS50L,R
IS903
ISl
Orientation
inverted
inverted
inverted
direct
5.7 Mycobacterial insertion sequences
Several insertion sequences have been found in the Mycobacterium genera, including 
IS91Î6,1^6120,1S1096,1^1081, 1S900 and 1S901 amongst others. A repetitive sequence 
RLEP, has also been identified in Mycobacterium leprae.
- IS956, isolated from Mycobacterium tuberculosis (Zainuddin and Dale, 1989). It is a 
1358 bp element exhibiting 30 bp inverted repeats at the ends (McAdam et al., 1989). 
IS956 is used as a genetic probe for epidemiological and diagnostic studies of 
tuberculosis (Hermans et al., 1990).
ISP56 is virtually identical to \S6110 isolated from Mycobacterium tuberculosis, 
(Thierry et al., 1990), suggesting that two copies of the same element were isolated in 
two different laboratories.
Mariani et al. (1993) have identified a 969 bp long IS-like element from Mycobacterium 
tuberculosis exhibiting 17 bp terminal inverted repeats and a 4 bp flanking direct repeat. 
It is present in only a single copy in M. tuberculosis and BCG, but not in other 
mycobacterial species which may be useful for the rapid discrimination of mycobacteria.
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- IS957, isolated from Mycobacterium bovis BCG (Hermans et a i, 1991), is present in 
only a single copy integrated at the same site in the chromosome o f M.bovis BCG strains. 
IS957 is virtually identical to the sequence of IS9&6 from M. tuberculosis. However, the 
site of insertion of IS957 is flanked by direct repeats (DRs) which occur only in species 
of the M. tuberculosis complex varying in copy number. DRs can be used as probes for 
ài^oxQvXidXingM.tuberculosis complex isolates.
- 1^1081, isolated from the genome of Mycobacterium bovis (Collins and Stephens,
1991). It is 1324 bp in length with 15 bp inverted terminal repeats.
There are six copies of the element in Mycobacterium bovis and it has also been found in 
Mycobacterium tuberculosis and Mycobacterium kansasii. This insertion sequence may 
be useful to develop a diagnostic test for the detection of the bovine tuberculosis based 
on the PCR technique.
- \^6120, isolated from Mycobacterium smegmatis (Guilhot et a l, 1992) consists of a 
1500 base pairs long insertion sequence with 24 bp imperfect inverted terminal repeats. It 
exhibits a 9 bp DNA duplication at the site of insertion.
- 1S1096, isolated from Mycobacterium smegmatis (Cirillo et a l, 1991) consists of 2275 
bp with 25 bp inverted terminal repeat and a 8 bp target DNA duplication is generated at 
the insertion site. The element is present in variable copy numbers, at different positions, 
in different strains. It exhibits a high frequency of transposition (10"  ^per cell).
- IS7757, isolated from Mycobacterium smegmatis (Garcia et a l, 1994) is 1361 bp long 
element and possesses characteristics of the IS3 family elements. It harbours 32 bp 
imperfect inverted terminal repeats and a 3 bp direct repeat flanks the element. It was 
found to be also present mM.chitae but not in other mycobacterial species.
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- isolated from MAntracellulare (Via and Falkinham, submitted) is an insertion 
sequence of the IS5 family. It is a 1596 bp long element and is present in 
MAntracellulare strains exhibiting colonial variation (transparent and opaque colonies), 
and has not been found in M.avium or M,scrofulaceum, When used as the probe, distinct 
RFLP patterns were exhibited by the strains carrying the element.
- 1^6100, isolated from Mycobacterium fortuitum (Martin et a l, 1990) is a 880 bp 
insertion sequence of the IS6 family. This element is not present in other mycobacterial 
species and forms part of a composite transposon (Tn6/(?) which was the first 
characterised, naturally occuring, transposon in mycobacteria.
- IS7652, isolated from Mycobacterium kansasii (Yang et a l, 1993), is a 947 bp long 
element, lacking inverted terminal repeats, but is flanked by a 3 bp direct repeat. It is 
present in multiple polymorphic copies of M.kansasii but not in other mycobacterial 
species.
- \S900, isolated from Mycobacterium paratuberculosis, was the first characterized 
insertion sequence characterized for the Mycobacterium genus (McFadden et a l, 1987). 
It is a 1451 bp long element, lacking inverted and direct terminal repeats but shows a 
target sequence specificity. It has a high G+C content (66%) (Green et a l, 1989) 
presenting a significant homology to ISiitf, an insertion sequence found in Streptomyces 
coelicolor A3(2) (Chater et a l, 1985). There are 15-20 copies of 1^900 in 
Mycobacterium paratuberculosis. This IS is used to identify this organism in clinical and 
animal isolates and for epidemiological studies.
- \S901, isolated from pathogenic strains o f Mycobacterium avium which causes enteritis 
and disseminated infection in animals (Kunze et a l, 1991). It consist of 1472 bp long
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element, sharing common characteristics with ÏS900 and ISJi6  isolated from 
Streptomyces clavuligerus (Leskiw et a l, 1990) such as the lack of inverted terminal 
repeats and showing sequence homology (60%), specially at the ends. It has been 
suggested that strains containing this element are more virulent than those M. avium 
strains lacking the element. RFLP analysis of M. avium strains shows that 1S901 is not 
present in the MAC strains isolated from AIDS patients. At the same time that IS9W was 
isolated, another insertion sequence designated IS9<?2, was found in M.avium subs 
silvaticum (Moss et a l, 1992). IS992 is virtually identical to IS907 which suggests that 
two copies of the same element were isolated in two different laboratories.
As discussed in the results and discussion chapter, 1^900, \S901, 1S116, 1^110 and 
1^1110 (presented in this Thesis) are members of the same family of insertion sequences 
sharing common characteristics such as sequence homology and lack of inverted terminal 
repeats at the ends.
Finally, a family of dispersed repetitive elements (RLEP) with few features in common 
with classical insertion elements were isolated from Mycobacterium leprae (Woods and 
Cole, 1990). The genome contains 28 different copies of this element which is composed 
of a central region (545 bp) flanked by terminal arms of 100 bp (left arm) and 44 bp 
(right arm). Differences in the sequence of the copies allow them to be classified into 12 
different groups.
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Lb. LIST OF AIMS
- Identification of a putative insertion sequence causing an increase in size of the plasmid 
pLR20 in the Mycobacterium avium strain LR541.
- Isolation and characterization of the identified insertion sequence {ISlllO) by cloning 
and sequencing techniques.
- Investigation of the mobility of IS ll lO  by analysing transposition events in random 
colonies obtained after subculturing of the Mycobacterium avium strain LR541.
- Determination of the occurrence and origin of IS ll lO  by RFLP analysis of 
mycobacterial strains isolated from clinical, animal and environmental sources.
- Elucidation of the value of IS7770 for epidemiological studies of M.avium infections by 
RFLP analysis of M.avium strains isolated from clinical, animal and enviromnental 
samples.
II. MATERIALS AND METHODS
MATERIALS
Materials
6. MATERIALS
6.1 Bacterial Strains
6.1.1 E. coli strains
Escherichia coli C600 (supE44, thi-1, thr-1 leuB6, LacYl, tonA21.mcrA). Purchased from 
Stratagene.
Escherichia coli DH5a maximum high efficiency cells. Purchased from BRL.
Escherichia coli JM109 (recAl, endAl, hsdR17, supE44, relAl, F', traD36, lad Z M15) 
Purchased from Pharmacia Ltd.
6.1.2 Mycobacterium avium Cotnplex strains
These were obtained from different mycobacteria laboratories;
Belgium;
Denmark:
U.S.A.-
South America: 
Africa and Australia:
Françoise Portaels, ITM, Antwerpen.
Dorthe Askgaard, Statens Serum Institute, Copenhagen. 
Sheldon Brown, Sloan Kettering Hospital, New York. 
Viviana Ritacco, Panamerican Institute for Food 
Protection and Zoonoses, Argentina, PAHO-WHO. 
MGL laboratory strain collection.
6.2 Plasmids
pJC70 Jack Crawford, Memorial Veterans’ Hospital, Little Rock (USA). 
pLR20 Tobin Hellyer, St.Mary's Hospital, London, UK.
pLR7 Tobin Hellyer, St.Mary's Hospital, London, UK.
pMB22 Johnjoe McFadden. Surrey University, Guildford, UK.
pUClS Purchased from Pharmacia Ltd.
pUS34 This thesis
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6.3 Bacteriophages 
M13mpl8 Amersham Int. 
ÀgtlO Stratagene
6.4 Genomic and plasmid Libraries
IgtlO/ M. avium MH21 This thesis
XgtlO/ M. avium NF38 This thesis
pUC 18/ M  avium MH21 This thesis
pUC 18/M avium NFS 8 This thesis
M l3 /M.avium MH21 This thesis
M13/ M.avium NF38 This thesis
6.5 Chemicals
Amersham International
Hybond-N nylon membranes, Radiolabelled nucleotide (^^S-dATP), Gigapack Packaging 
kit.
Applied Biosystems
Material for synthesis of oligonucleotides.
BDH
Acrylamide (Electran), Ammonium persulphate (Analar), Boric acid (Analar), 
Bromophenol blue. Calcium chloride (Analar), D-Glucose (Analar), Glycine (Analar), 
Magnesium sulphate (Analar), Maltose (Analar), Paraffin, Phenol (Analar), Poly-
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oxyethylene sorbitan mono-oleate (Tween 80), Potassium dihydrogen orthophosphate, 
Sodium acetate (Analar), Sucrose (Analar), Tri sodium citrate (Analar).
BCL (Boehringer Manheim)
ATP, Caesium chloride (Analar), Calf intestinal phosphatase (CIP), DNA digoxigenin- 
labelling kit, EDTA (Ethylen diamine tetra-acetic acid, disodium sait) (Analar), T4 DNA 
ligase, Taq polymerase.
Biolabs (New Ingland)
Pstl Methylase
BRL (Bethesda Research Laboratories Inc.)
AU molecular biology enzymes. Agarose (Ultra-pure and Electrophoresis grade), DNA 
markers, DHSacells, Formamide, Sealing tape.
CalBiochem
Pronase.
Cambridge Bioscience
Sequenase-2 kit.
Difco
Middlebrook 7H9 broth, Middlebrook 7H11 agar, Bacto-Middlebrook OADC (Oleic acid- 
Albumin-Dextrose-Catalase)
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Fuji Photo Film Co Ltd.
X-ray RX film.
Genetic Research Instruments
Saran wrap.
May and Baker Ltd.
Chloroform (Pronalys AR), Dipotassium hydrogen phosphate (Analar), Ethanol (Pronalys 
AR), Glacial acetic acid (Pronalys AR), Hydrochloric acid (Pronalys AR), Isopropanol 
(Pronalys AR), Methanol (Pronalys AR).
Oxoid
Agar technical No.3 (Analar), Bacto tryptone (Analar), Bacto Yeast extract (Analar). 
Polaroid
Polaroid film (both negative only and positive/negative).
Sigma
All antibiotics, BSA (Bovine serum albumin), DL-Dithiothreitol (DTT), Ethidium 
bromide. Herring testes DNA, 8-hydroxyquinoline, IPTG (Isopropyl-Beta-D-Thio- 
galactopyranoside), Lysozyme (grade 1), 2-Mercaptoethanol, PEG (polyethylene glycol). 
Proteinase K, Ribonuclease A, SDS (Sodium dodecyl sulphate). Sodium chloride (Analar), 
Sodium hydroxide (Analar), TEMED (N,N,N",N-Tetramethylethylene-diamine), Trizma 
base. Tween 20 (Polyoxyethylene sorbitan monolaurate). Urea, X-gal (5-bromo-4-chloro- 
3 -indoly 1-beta-D-galacto pyranoside).
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Stratagene
Lambda gtlO vector arms kit.
EcoRi to Pstl adaptor 5'-P0^, Na+ Sait
Stratech Scientific Ltd.
GeneClean kit
Whatman
3MM paper.
6.6 Antibiotics
All antibiotics were purchased from Sigma. Stock solutions of ampicillin (5mg/ml) 
were prepared with distilled water. Chloramphenicol (75mg/ml) was prepared with 
ethanol.
6.7 Culture Media
All media and reagents were sterilised by autoclaving at 121°C for 15 minutes or by 
filtration through a 0.2pm FlowPore filter. Media were prepared in distilled water, whilst 
all reagents were prepared in double-distilled water, previously autoclaved where needed. 
Supplements to media, such as antibiotics, were added immediately prior to use.
Luria broth Bacto tryptone 15g
Bacto yeast extract 5 g
NaCl 5g
water to 1000ml., autoclaved.
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Luria agar L agar containing 15g/l Bacto agar.
2xTY broth Bacto tryptone 16g
Bacto yeast extract 10g
NaCl 5g
Water to 1000ml, autoclaved.
2xTY agar/agarose 2xTY broth containing 15g/l Bacto agar/agarose.
H Top agar Bacto tryptone 10g
NaCl 8g
Bacto agar 8g
water to 1000ml, autoclaved.
H agar H top agar containing 15 g/l Bacto agar.
7H9 broth Middlebrook 7H9 broth 4.7g
Glycerol 2ml
water to 900ml, autoclaved.
20ml Bacto-OADC was added to 180ml media aliquots.
7H11 agar Middlebrook 7H11 agar 21g
Glycerol 2ml
water to 900ml, autoclaved.
100ml Bacto-OADC enrichment was added to 900ml media.
SOC broth Bacto tryptone
Bacto yeast extract
NaCl
KCl
MgCl2
MgS04
Glucose
2%
0.5%
lOmM
2.5mM
lOmM
lOmM
20mM
filter-sterilised Mg-salts and glucose added after autoclaving.
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6.8 Buffers, Reagents and Solutions
These are listed in alphabetical order.
Materials
Acrylamide Acrylamide
Bis-aciylamide
40%
2%
Alkaline lysis 
solution 1
Glucose 50mM
EDTA lOmM
Tris.HCl pH 8.0 25mM
autoclaved.
4mg/ml lysozyme prior to use.
Alkaline SDS 
solution 2
NaOH 
SDS (w/v) 
autoclaved.
0.2M
1.0%
Alkaline lysis 
solution 3
Ammonium acetate
Potassium acetate, 5M pH 4.8 60ml
Acetic acid 11.5ml
H2 O 28.5ml
autoclaved.
Ammonium acetate 2mM
pH 4.6, autoclaved.
Ammonium persulphate Ammonium persulphate
autoclaved.
10%
ATP Adenosine triphosphate lOOmM
BSA Bovine serum albumin 
filter-sterilised.
200mg/ml
Caesium chloride/ 
isopropanol
Solid caesium chloride (high grade) saturated 
in isopropanol.
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Chemilumineseent detection:
Blocking stock solution 
BuBer 1
Buffer 2 
Buffer 3
Washing buffer
Blocking reagent 10% (w/v) in Buffer 1. Stored at 4®C.
Maleic Acid 
NaCl 
pH7.5 
autoclaved
O.IM
0.15M
3% blocking stock solution diluted in Buffer 1.
Tris-HCl
NaCl
MgCl2
pH9.5
autoclaved
Buffer 1 + 0.3% (v/v) Tween 20.
O.IM
O.IM
0.05M
AMPDD solution AMPPD (lOmg/ml) 
Buffer 3
lOOpl
10ml
Chloroform Prepared with isoamyl alcohol at 24:1 (v/v).
Colony denaturing 
solution
NaOH
NaCl
autoclaved.
0.5M
0.5M
Colony neutralizing 
solution
Tris.HCl
pH 7.5, autoclaved.
0.5M
Denaturing solution NaOH 0.5M
Denhardt's solution Ficoll (MW 400,000) 5.0g
Polyvinylpyrrolidone (MW40,000) 0.5g 
Bovine serum albumin 0.5g
Sterile water, 1ml aliquots.
54
Materials
DNA loading buffer, 6x Bromophenol blue (w/v) 
Xylene cyanol (w/v) 
Sucrose (w/v)
0.25%
0.25%
40%
Ethidium bromide Ethidium bromide 20%
Fixing solution Methanol 
Acetic acid
10%
10%
Glycerol Glycerol
autoclaved.
10%
Herring testis DNA DNA lOmg/ml
boil for lOmin, 1ml aliquots at -20®C.
Hybridization buffer ssc
Denhardt's solution 
SDS
Herring testis DNA 
NaH2PO4pH7.0
3x
Ix
1%
lOmg/ml
lOmM
Neutralizing solution Tris.HCl
pH 7, autoclaved.
0.5M
PEG/NaCl Polyethylene glycol-6000 
NaCl
autoclaved.
20%
2.5M
Phenol Saturated in TE buffer.
Phenol/chloroform Prepared as a 1:1 mixture (v/v) containing 
0.1% 8-hydroxyquinoline.
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Repel solution Dimethyl dichlorosilane 10ml
Stick solution Ethanol (absolute) 10ml
Methacryloxypropyl-trimethoxy 
silane 30pl
acetic acid, 10% 150pl
Sodium acetate Na acetate 
pH 5.2, autoclaved.
3M
Sodium chloride NaCl
autoclaved.
2M
Spermidine Spermidine hydrochloride 
filter-sterilised.
400mM
SSC, 20x NaCl
Sodium citrate 
pH 8.0, autoclaved.
3M
0.3M
Sucrose Sucrose 25%
in 50mM Tris.Cl ph8.0, autoclaved
SM buffer Tris-HCl
NaCl
MgSO^
Gelatin
pH7.5, autoclaved.
50mM
200mM
ImM
0 .01%
TAE buffer Tris.acetate
NaCl
EDTA
pH 8.2, autoclaved.
40mM
20mM
2mM
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Materials
TBË buffer Tris-borate 
Boric acid 
EDTA
pH 8.3, autoclaved.
90mM
90mM
2mM
TE buffer Tris
EDTA
pH 8.0, autoclaved.
lOmM
ImM
Transfer buffer NaH2P04  
pH 7.0, autoclaved.
25mM
6.9 Enzyme Buffers
Most enzyme buffers were supplied with the respective enzyme by the manufacturer.
Restriction buffers lOx buffers supplied with enzymes.
Calf Intestinal 
Phosphatase buffer, lOx
Tris.HCl pH 8.0 
MgCl2 
ZnCl2 
autoclaved.
500mM
lOmM
ImM
Ligase buffer, 5x Tris.HCl pH 7.6
MgCl2
ATP
DTT
PEG-8000 (w/v) 
filter-sterilised.
250mM
50mM
5mM
5mM
25%
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Methods
7. METHODS
7.1 Extraction of DNA from mycobacteria
Reagents:
Sucrose/TE 0.3M
Cycloserine (lOOmg/ml in distilled water)
Lysozyme (50mg/ml in sucrose/TE)
SDS (10%)
Pronase (20mg/ml in distilled water)
Ribonuclease A (lOmg/ml)
Sodium acetate (3M)
Phenol/chloroform 
Chloroform 
Absolute ethanol 
70% ethanol 
TE buffer
Procedure:
A swab was taken from Lowenstein-Jensen slants and plated out onto 7H11 agar plates. 
Following incubation, single colonies obtained were inoculated in 10ml 7H9 broth. Cells 
were allowed to grow for 1 week. Subsequently, cycloserine was added to a final 
concentration of Img/ml and this was incubated at 37°C for 15hr {M.avium and slow 
growers) or 5hr (fast growing mycobacteria). These cells were harvested by carefully 
removing bacterial growth with a plastic loop. Following washing, the cells were pelleted 
by centrifuging in a bench-top centrifuge at 4000rpm at 4°C for 15min. Bacteria were 
heat-killed by incubating at 80®C for Ihr. Cells were resuspended in 400pl of 0.3M 
sucrose in TE and transferred to an Eppendorf tube. Then, freshly prepared lysozyme was 
added to a concentration of 1 mg/ml. Cellular RNAs were digested by addition of 
Ribonuclease A (RNase A) to 1 mg/ml. The cell suspension was incubated at 37®C for 1 
hour followed by addition of SDS and pronase to final concentrations of 1% and 3mg/ml, 
respectively and the suspension was incubated at 55°C for another hour. Mycobacterial 
DNA was purified by extracting three times with an equal volume of phenol/chloroform.
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followed by one extraction with chloroform. Sodium acetate was added to 0.2M to the 
final aqueous layer, followed by two volumes of ethanol. This was mixed gently and 
stored at -20®C, overnight. The DNA was precipitated by centrifuging at 12000ipm for 
15min at 4°C. Following removal of all supernatant, the DNA was washed in 70% ethanol 
and spun briefly again, after which the pellet was dried in a desiccator for 5min. The DNA 
was resuspended in lOOjul of TE at 4®C overnight. DNA concentrations were determined 
by measuring the optical density at 260nm or by running a fixed amount on a 0.8% 
agarose gel.
7.2 Ethanol precipitation of DNA
Reagents:
Ethanol (absolute)
70% ethanol 
Sodium acetate (3M)
TE buffer
Procedure:
Precipitation of DNA was achieved by aliquoting 400pl volumes of the DNA solution into 
1.5ml Eppendorf tubes containing a 0.1 volume of 3M sodium acetate and 2 to 2.5 
volumes of ethanol. Following gently mixing. This mixture was incubated on ice for 20 
minutes or at -20°C for 30 minutes and then centrifuged at 4°C for 15 to 20 minutes to 
precipitate the DNA. The supernatant was discarded and any remaining liquid was 
removed with a pipette. The DNA pellet was washed with 500pl of 70% ethanol (cold). 
The DNA was pelleted as before, the supernatant was discarded and then the pellet was 
dried in a vacuum desiccator for 5 minutes. The DNA pellet was then resuspended in an 
appropriate volume of TE buffer.
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7.3 Quantitation of DNA concentrations
DNA concentrations were determined by spectrophotometrically measuring the amount 
of UV radiation absorbed by the bases at wavelengths of 260nm and 280nm. The optical 
densities of diluted DNA samples were determined through quartz cuvettes in a Pye 
Unicam PU88020 UV/VIS spectrophotometer. The ratio of the two readings, 
OD260/OD280, also allows estimation of the purity of DNA and extent of contamination 
due to protein when the ratios are greater than 1.7. The DNA concentration may be 
determined from the following formula:
Genomic DNA = O.D.2 6 0  x 50 x dilution factor = pg/ml 
Plasmid DNA = O.D.2 5 0  x 40 x dilution factor = pg/ml
The concentration of a DNA sample was alternatively estimated by comparing it to a DNA 
sample of known concentration. Briefly, a volume of DNA was electrophoresed in the 
presence of DNA markers of known quantity (usually lambdaBin(Sni or phiKllA HaelU). 
Following staining of the gel with ethidium bromide to visualise the DNA under UV-light, 
the DNA concentration of the sample was estimated in a comparative manner.
7.4 Endonuclease digestion of mycobacterial DNA for RFLP
Reagents:
Bovine serum albumin (BSA) (200mg/ml)
Spermidine hydrochloride (400mM)
Restriction endonuclease (lOu/pl)
Restriction buffer (lOx)
NaCl (2M)
Absolute ethanol 
70% ethanol 
TE buffer
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Procedure:
The digestion of mycobacterial DNA was performed in a large volume reaction to avoid 
partial digestion. Ipg of DNA was digested in 200pl of buffer containing BSA (lOpg/ml), 
spermidine hydrochloride (0.4pg/ml), 20pl of lOx appropriate react buffer and Ipl of 
restriction endonuclease. The digestion reaction was incubated for 2-3 hours at 37®C. 
Following complete digestion, 0.5M EDTA and 2M NaCl were added to final 
concentrations of lOmM and 0.2M, respectively.
Two volumes of absolute ethanol were added and the suspension was stored at -20°C, 
overnight. Subsequently, the mixture was centrifuged at I3000rpm at 4°C for 15 minutes. 
The supernatant was discarded and the pellet obtained was washed briefly in 70% ethanol 
and dried in a vacuum desiccator for 5 minutes. Finally, the pellet was resuspended in 
lOpl of TE and stored at 4®C until further use.
7.5 Gel electrophoresis of DNA
Reagents:
Agarose
Tris acetate buffer (TAE) (Ix)
Tris borate buffer (TBE) (Ix)
5x gel loading buffer 
Ethidium bromide (2mg/ml)
Procedure:
DNA samples were run in IxTAE buffer using "Biorad Mini-Sub Cell" and "Biorad Sub- 
Cell" electrophoresis gel tanks at usually 100 Volts. Agarose concentration, gel running 
buffer, amount of DNA and running times depended on the purpose of electrophoresis.
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7.6 Restriction digestion of plasmid DNA
Typical restriction digests, were set up as follows:
Reagents:
10plDNA(0.1-1.0 pg)
2 pi lOx Restriction buffer
Ipl Restriction Endonuclease (usually lunit/pl)
7pl distilled water
Procedure:
DNA concentrations ranging from 0. Ing to Ipg were usually digested in volumes of 10 to 
30pl. DNA was digested in a solution containing appropriate restriction buffer to final Ix 
and Ipl of enzyme (1 unit). Digestion was carried out at the appropriate temperature 
(usually 37°C) for 1 to several hours, depending on the purity of the sample.
7.7 Purification of DNA from agarose gels ("Gene-clean")
"Gene-clean" kit was used to remove and purify DNA bands from agarose gels. This kit
contains a specially formulated silica matrix (glassmilk) that binds single and double
stranded DNA without binding DNA contaminants. Following several purification steps,
the DNA is eluted in TE buffer.
Reagents:
Sodium iodide (Nal)
"New" buffer 
Glassmilk 
TE buffer
Procedure:
Following running of DNA on an agarose gel containing TAE buffer as electrophoresis 
buffer, the DNA band to be recovered was excised using a blunt-ended knife in a 
minimum amount of agarose and transferred to a microfuge tube of known weight. Nal
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stock solution was then added to the agarose gel piece containing DNA. The volume of 
Nal was 3 times the weight of the gel slice. The suspension was vortexed briefly before 
being incubated at 55®C until agarose had melted (approximately 5 minutes). During this 
time the glassmilk provided was resuspended thoroughly. 5pi of glassmilk suspension was 
added to the now molten agarose and the suspension was kept on ice for 4 minutes, 
mixing the contents every minute. Following a spin for 5 seconds the supernatant was 
removed and the glassmilk was washed three times with 200pl of NEW buffer followed 
by centrifugation for 5 seconds and removal of the supernatant. The final glassmilk pellet 
was resuspended in lOpl of TE buffer and incubated at 55®C for 3-5 minutes. The 
suspension was then centrifuged for 30 seconds and the supernatant containing the excised 
DNA band was recovered. This procedure was repeated, thus yielding 20pl of recovered 
DNA. The recovery of DNA was quantified by miming an agarose gel after 'gene clean'.
7.8 Dephosphorylation of DNA
In order to prevent self-religation of DNA, the vector DNA is often dephosphorylated.
By the action of calf intestinal phosphatase (CIP) phosphates at the 5' end of the molecule
are removed.
Reagents:
CIP (lu/pl)
Restriction buffer (lOx)
Procedure:
Digested vector DNA was dephosphorylated in the same restriction buffer using 1 unit of 
either enzyme at 37%  for 1 hour, after which CIP was inactivated by heating at 70%  for 
30 minutes, followed by a phenol/chloroform extraction and an ethanol precipitation. The 
DNA was resuspended in TE buffer.
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7.9 DNA Ligation
Reagents:
T4 DNA ligase 
Ligase buffer (5x)
Procedure:
The DNAs to be ligated were first digested with a suitable restriction endonuclease. 
Typical ligation reactions were carried out in volumes of 20]l i 1 at 16%  for 18 hours for 
sticky end ligations and at 9%  for 18 hours for blunt-end ligations. The ratio of vector to 
insert DNA varied depending on the purpose of the ligation carried out.
7.10 Transformation of Escherichia coli cells
Transformation of E.coli cells was performed using competent "MAX Efficiency 
DH5a cells". These cells are suitable for the construction of gene banks or for the 
generation of cDNA libraries using pUC or pBR322-derived vectors. The lae marker of 
the cells provides a-complementation of the (3-galactosidase gene from pUC and, 
therefore, can be used for blue/white screening of colonies on bacterial plates containing 
X-gal. DH5a can also serve as a host for the M13 cloning vectors. The cells have a high 
transformation efficiency of up to 1x10^^ transformants/pg of pUC control with non­
saturating amounts of DNA.
Reagents:
Competent DH5a cells (-70^0)
Plasmid DNA (recombinant and non-recombinant) 
Tris-HCl (lOmM)
Na^EDTA (ImM)
SOC medium
L-Agar plates (supplemented with lOOpg/ml ampicillin)
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Procedure:
lOOpl of competent cells previously aliquoted in chilled polypropylene tubes were
removed from -70% freezer and thawed on wet ice. 20pi were transferred to an ice-cold
tube and the unused cells were first refrozen in a dry ice/ethanol bath for 5 minutes before
returning them to the -70% freezer. The ligation mixtures were diluted 5-fold in lOmM 
Tris-HCl and ImM Na2EDTA. Ipl of the dilution was added to the cells (1-lOng DNA),
moving the pipette through the cells while dispensing to ensure proper mixing. The 
transformation mix was then incubated on ice for 30 minutes and then heat-shocked at 
42®C for 45 seconds. The mix was added to 0.9ml of room temperature SOC medium 
contained in a small plastic Bijou and shaken at 37%  for 1 hour. 200pl and lOOpl 
samples were plated on L agar plates containing ampicillin and incubated at 37%, 
overnight.
7.11 Small-scale isolation of Eæoli plasmid DNA - alkaline lysis method
Reagents:
L broth 
Antibiotic
Alkaline lysis solution 1 (50mM Glucose, lOmM EDTA, 25mM Tris-HCl,
4mg/ml Lysozyme)
Alkaline lysis solution 2 (0.2M NaOH, 1%SDS)
Alkaline lysis solution 3 (5M Potassium acetate pH4.8, 11.5ml acetic acid,
28.5ml distilled water)
Phenol/chloroform 
Ethanol (absolute)
70% ethanol 
TE buffer 
Ribonuclease A
Procedure:
1.5ml of L broth medium was inoculated with a single colony of bacteria and grown at 
37%  for 7 hours. The culture was centrifuged in a bench top centrifuge for 10 minutes at
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4®C to pellet the cells. Supernatant was poured off by inverting the tube and the pellet was 
drained. Subsequently, the cells were homogenised by vigorous vortexing and the cells 
were resuspended in 150pl of ice-cold solution 1, and stored for 5 minutes at room 
temperature. 300pl of freshly prepared solution 2 at room temperature was added, the tube 
was closed and the contents mixed by inverting the tube rapidly several times (not 
vortexing). The suspension was stored on ice for 5 minutes, 225pi of freshly prepared ice 
cold solution 3 was added and following gentle mixing, the suspension was stored on ice 
for another 5 minutes. Following centrifugation for 5 minutes, 500pl of the supernatant 
was transferred to a microfuge tube and incubated at 65%  for 15 minutes. Extraction 
once with phenol/chloroform was performed, by shaking vigorously for 5 minutes 
followed by centrifugation for 5 minutes. 400pl of the supernatant was transferred to a 
fresh centrifuge tube, to which 800pl of ethanol was added. This was stored at room 
temperature for 2 minutes followed by centrifugation for 5 minutes. The supernatant was 
carefully removed without disturbing the pellet which was washed in 1ml of 70% ethanol 
and following re-centrifugation, the supernatant was carefully removed. The DNA pellet 
was dried in a vacuum desiccator for 5 minutes and resuspended in 50pl of TE buffer 
containing 20pg/ml ribonuclease A. The expected yield should be approximately 5pg.
7.12 Large-scale isolation of E.coli plasmid DNA (Maniatis et al., 1982)
Reagents:
Luria broth (LB)
Lysozyme (lOmg/ml in 0.25M Tris-HCl)
Sucrose (10% in 50mM Tris.Cl pH 8.0)
EDTA (0.25M)
SDS (10%)
NaCl 5M
Antibiotic (chloramphenicol or spectinomycin)
Ethidium bromide (lOmg/ml)
Caesium chloride
Caesium chloride saturated isopropanol
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Isopropanol
Sodium acetate (3M, pH 5.6) 
Absolute ethanol 
70% ethanol 
TE buffer
Procedure:
10ml of L broth, containing the appropriate antibiotic was inoculated with a single 
bacterial colony and incubated at 37% , overnight with vigorous shaking. 0.1ml of the 
overnight culture was used to inoculate 25ml of prewarmed LB, containing the same 
antibiotic, and was incubated at 37%  for a few hours until the optical density of the 
culture at 650nm reached 0.4. 2.5ml of chloramphenicol was added to a final 
concentration of 170pg/ml and the culture was incubated at 37%  with vigorous shaking 
for a further 12 to 16 hours. The cells were harvested by centrifugation at 4®C at SOOOrpm 
for 10 minutes (MSB High Speed 18 centrifuge) and resuspended in 10ml of an ice-cold 
sucrose solution in Tris-HCl. The suspension was stored on ice. 2ml of freshly prepared 
lysozyme solution and 8ml 0.25M EDTA were added and the suspension was kept on ice 
for 5 minutes and mixed by inverting the tube several times. Subsequently, 4ml of 10% 
SDS was added. Following immediate mixing, 6ml of 5M NaCl was added and mixed 
gently. The mixture was kept on ice for 1 hour. In order to remove cell debris and high 
molecular weight DNA, the suspension was centrifuged at 30000rpm, 4 %  for 30 minutes. 
The supernatant was transferred to a fresh tube and the tight pellet was discarded. 
Following phenol/chloroform extraction and ethanol precipitation, the pellet was 
dissolved in 8ml of TE. In order to purify the plasmid DNA, centrifugation to equilibrium 
in cesium chloride-ethidium bromide gradients was performed. Solid caesium chloride 
was added at a rate of Ig/ml and dissolved by gentle agitation. Ethidium bromide was 
added to a final concentration of 0.8mg/ml and the suspension was transferred to a 
labelled Beckman Ti 50 polyallomer ultracentrifugation tube. Tubes were balanced in
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pairs to within 50mg and sealed as recommended by the manufacturer. The tubes were 
centrifuged in a Beckman ultracentrifiige using a Ti70 rotor at 40000rpm at 20%  for 36- 
48 hours, thus enabling separation of the plasmid DNA from the chromosomal DNA on 
the gradient. The lower, plasmid DNA band was visualised and recovered under U. V. light 
with a 1ml syringe. A needle placed in the top of the tube facilitated smooth recovery of 
the plasmid by allowing air to replace the liquid being removed. In order to remove the 
ethidium bromide, the suspension was extracted several times with an equal volume of 
caesium chloride saturated isopropanol. This was achieved by adding 1ml of isopropanol 
to the plasmid solution and then drawing the mixture into a plastic Pasteur pipette, thus 
allowing separation of the two phases in the neck of the pipette, the lower, isopropanol 
phase was extruded each time. Finally, the caesium chloride was removed by adding 0.1ml 
of sodium acetate and 0.5ml of water to every 0.4ml of aqueous phase. Following mixing, 
1ml of isopropanol was added for every 1ml of suspension and kept at room temperature 
for 15 minutes. The DNA was recovered by centrifuging at 12000rpm at 4 %  for 15 
minutes. The supernatant was removed and the DNA pellet was resuspended in 200ml of 
TE buffer. In order to further purify the plasmid DNA, the sample was precipitated with 
ethanol. The resultant pure plasmid DNA pellet was usually resuspended in 200jiil of TE 
buffer and stored at 4°C for further use. The DNA concentration was determined as 
outlined previously.
7.13 DNA labelling with digoxigenin-dUTP
DNA is labelled by random primed incorporation of digoxigenin-labelled 
deoxyuridine-triphosphate. The dUTP is linked via a spacer-arm to the steroid hapten 
digoxigenin (Dig-dUTP). This method allows efficient labelling of small (lOng) and large 
(up to 3pg) amounts of DNA per standard assay. The DNA must be linearized and heat
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denaturated prior to random primed labelling. The labelling reaction is fast (1 hour) and 
results in digoxigenin incorporation every 20 nucleotides in the newly synthesized DNA. 
Reagents:
Hexanucleotide mixture 
DIG-labelling mixture 
Klenow enzyme (lu/pg)
EDTA 0.2MpH8.0 
LiCl 4M
Ethanol (absolute and 70%)
Tris-HCl lOmM, EDTA lmM.pH8.0
Procedure:
DNA to be labelled (10ng-3pg) was denatured by heating in a water bath for 10 minutes at 
95%  and chilling quickly on ice. 2pl hexanucleotide mixture was added to the freshly 
denatured DNA, followed by 2pi DIG-labeling mixture and Ipl Klenow enzyme. Water 
was finally added to a final volume of 20pl. The mixture was incubated for up to 20 hours 
at 37%  to increase the amount of labelled DNA. After this time, the reaction was stopped 
by adding 2pl EDTA solution. The labelled DNA was then precipitated with 2.5pl LiCl 
and 75pl prechilled ethanol. Following mixing, the mixture was kept for 30 minutes at - 
70%  or two hours at -20^C. After centrifugation of the mixture, the DNA pellet obtained 
was washed with cold ethanol (70%) and subsequently dried under vacuum and dissolved 
in 50pl Tris-HCl for further use.
7.14 Southern blotting (Southern, 1975)
Reagents:
Agarose
DNA loading buffer 
Ethidium bromide (2mg/ml)
Denaturing solution 
Neutralizing solution 
Transfer buffer
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SSC (2x)
Procedure:
Following digestion of the DNA, an agarose gel containing the digested DNA was run as 
previously described. After electrophoresis was completed, the gel was then stained and 
photographed. The gel was then placed in a plastic container and the DNA was denatured 
by soaking the gel in two volumes of denaturing solution and gently shaken at room 
temperature for 45-60 minutes, after which the DNA was neutralized by soaking the gel in 
two volumes of neutralising solution and shaken similarly. After a brief rinse in distilled 
water, the gel was placed on a piece of 3MM paper, supported by a glass plate, with both 
ends of the paper dipped in transfer buffer. A piece of Hybond-N membrane filter, cut 
marginally larger than the gel, was marked appropriately and placed on top of the gel. 
Two pieces of 3MM paper, soaked in transfer buffer were placed on top of the membrane 
filter, followed by two pieces of dry 3MM paper. Air bubbles were removed by gently 
rolling a glass pipette over the paper. An 10cm layer of blotting paper (Kimwipe blue steel 
roll), cut to size accordingly, was placed on top of the dry 3MM paper, followed by a glass 
plate and a weight of roughly 500g. Southern blotting was allowed to proceed overnight 
for 16 to 18 hours. On completion, the blotting materials were removed and the membrane 
was carefully peeled off. Following a brief rinse in 2xSSC, the membrane was air-dried 
for 15 minutes and then the DNA was bound onto the membrane by baking it, sandwiched 
between 3MM paper, at 80®C for 2 hours. Filters were stored at room temperature in the 
dark until further use.
7.15 DNA hybridization
Reagents:
Hybridization buffer 
Digoxigenin-labelled DNA probe
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Procedure:
Hybridization was performed in a "Hybaid hybridization oven" as recommended by the 
manufacturer. A Hybond-N filter membrane was briefly moistened in 2xSSC and 
sandwiched between two pieces of nylon mesh slightly larger than the membrane filter. 
This sandwich was rolled up using a 10ml pipette for support and placed in a 
hybridization bottle. If several filters were being hybridized together, a multi-layered 
sandwich was prepared in the above manner. Depending on the number of membranes 
present in one given bottle, between 15ml (1-2 filters) and 25ml (3-6 membranes) of 
hybridization solution was added to the bottle. The cap was tightened firmly and the 
bottle was rotated in the hybridization oven to allow adhesion of the sandwich to the wall 
of the bottle. Prehybridization was carried out at 6 8 %  for 1-4 hours, after which the 
prehybridization solution was decanted. Fresh, prewarmed hybridization buffer, 5ml less 
than above, was added to the bottle followed by the freshly denatured labelled probe, 
diluted in 5ml of prewarmed hybridization buffer. The digoxigenin-labelled probe was 
denatured by heating in a water bath for 10 minutes at 95%  and chilling quickly on ice. 
The cap was screwed on tightly and hybridization was carried out at 6 8 %  for 18-24 hours.
7.16 Filter washing
The stringency of filter washing may be manipulated in two ways. A decrease in salt 
concentration of the wash buffer results in an increase of stringency, whilst an increase in 
washing temperature also results in an increase of stringency.
Reagents:
Wash solution 1 (2xSSC, 0.1%SDS)
Wash solution 2 (O.lxSSC, 0.1%SDS preheated to 6 8 % ) 
SSC (2x)
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Procedure:
Filters were rinsed twice in the same hybridization bottle in wash solution 1, at room 
temperature for 5 minutes. This was followed by two washes in solution 2 at 6 8 ®C for 15 
minutes. Then the filters were briefly rinsed in 2xSSC before the detection procedure.
7.17 Chemiluminescent detection of digoxigenin-labelled nucleic acids
This method is based on the properties of AMPPD [3-(2' Spiroadamantane)-4- 
methoxy-4-(3"-phosphoryloxy)-phenyl-l,2-dioxetane] as chemiluminescent substrate for 
alkaline phosphatase. The moderately stable intermediate AMP~D accumulates upon 
enzymatic dephosphorylation and decomposes to adamantanone and methyl meta- 
oxybenzoate anion, which emits light at 477nm at a constant rate as a 'glow'. The light 
emission is detected by using a X-ray film. The chemiluminescent detection is performed 
at room temperature with shaking or mixing.
Reagent:
Stock blocking solution (10% Blocking reagent in buffer 1)
Anti-digoxigenin-AP conjugate
AMPPD diluted solution (lOOpl of lOmg/ml AMPPD in 10ml buffer 3)
Washing buffer (Buffer 1 + 0.3% Tween 20)
Buffer 1 (O.lMMaleic acid, 0.15MNaCl, pH7.5)
Buffer 2 (3% Blocking stock solution diluted in buffer 1)
Buffer 3 (0. IM Tris-HCl, 0. IM NaCl, 0.05M MgCl2, pH9.5)
Whatman paper 
Procedure:
Following stringency washes, the wet filters were washed in 50ml washing buffer for 3 
minutes. Then, membranes were incubated for 30 minutes in 100ml buffer 2. During this 
time, the anti-DIG-AP-conj ugate was diluted to 75 mU/ml. Then, filters were incubated in 
20ml diluted antibody conjugate solution for 30 minutes. After this time, filters were
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washed twice in 100ml washing buffer for 15 minutes followed by 20ml buffer 3 for 4 
minutes. The previously diluted 10ml AMPPD solution was then added to the bottles and 
incubation was carried out for 5 minutes. The filters were then removed from the bottle 
and blotted for few seconds backside down on a sheet of dry Whatman 3MM paper but 
not to complete dryness. The damp filters were covered with Saran wrap and placed in an 
X-ray cassette containing intensifying screens. The 10ml substrate solution can be stored 
at 4^C in the dark and reused a maximum of 5 times within a month.
7.18 Autoradiography
A piece of X-ray film (Fuji or Kodak) was placed on top of the wrap and held in 
position by masking tape. Autoradiography was allowed to proceed at room temperature. 
The time of exposure depends on strength of signal and on background. Multiple 
exposures may be taken, as luminescence continues for at least 24 hours. Filters were kept 
at 4®C prior to probe removal.
7.19 Removal of digoxigenin-labelled probes
Reagents:
Probe removal solution (0.2M NaOH, 0.1% SDS) 
SSC (2x)
Procedure:
The filters were rinsed in sterile water following by washing twice in 200ml of Probe 
removal solution at 37%  for 30 to 60 minutes, followed by briefly rinsing in 2xSSC. The 
filters were autoradiographed overnight to monitor the success of the removal procedure. 
Filters were then prehybridized and hybridized with the second probe as previously 
described or stored in sealable plastic bags at 4°C prior to reprobing.
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7.20 Preparation of Phage Lambda Genomic DNA libraries
Lambda DNA cloning vector A,gtlO was employed to prepare M. avium genomic DNA 
libraries. IgtlO vector was purchased from Stratagene and following digestion with EcdRl 
and dephosphorylation procedures provided by manufacturers, the vector was ligated with 
mycobacterial DNA as described below. The recombinant DNA molecules produced were 
then packaged in vitro using extracts from a Gigapack Packaging Kit (Amersham). The 
extracts used for packaging are prepared from phage lambda derivatives, each of which is 
defective for a specific component required for packaging and by using two extracts, the 
complete packaging system is provided. Recombinant DNA molecules, once packaged, 
can then be introduced into the appropriate E.coli host cell by normal process of phage 
infection, i.e. phage adsorption and DNA injection. The phage particles produced as a 
result of the packaging reaction constitute the basic genomic library.
7,20.1 Preparation of the vector
Preparation of the vector includes several procedures such as EcoRI digestion of ÀgtlO, 
déphosphorylation of the vector, méthylation of the vector arms by Pstl methylase, 
ligation of an adaptor to the ends of the vector arms and finally Pstl digestion of A,gtlO.
Reagents:
iscoRI enzyme (lu/pl)
CIP (lu/pl)
Pstl methylase 
EcoRI to Pstl adaptor 
T4 ligase
Pstl enzyme (lu/pl)
Phenol/chloroform 
Ethanol (absolute and 70%)
TE (pH8.0.)
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Procedure;
5pg of IgtlO were digested with EcoRI in 50pl total reaction volume at 37%  for 2 hours. 
Following ethanol precipitation, the DNA pellet was resuspended in lOpl of TE. 
Subsequently, the vector was dephosphorylated by adding CIP (lu/pl) at 37%  for 30 
minutes. Following phenol/chloroform extraction, DNA was precipitated by adding 
absolute ethanol and subsequent centrifugation at 13000rpm at 4% . The DNA pellet was 
washed with 70% ethanol and dried in a desiccator for 5 minutes. Finally the pellet was 
resuspended in 5 pi of TE.
The dephosphorylated iscoRI-cut vector (5pg) was methylased by Pstl methylase 
(Biolabs) in 50pl total reaction volume at 37%  for 1 hour followed by 20 minutes at 
65%. The EcoRl to Pstl adaptor (Stratagene) was then ligated to the ends of the vector 
(Ipg). The ligation reaction was set up as follows;
lOpl (Ipg) Àgtl0/EcoRI/CIAP/fM methylase + lOpl 5x ligase buffer + Ipl Adaptor (0.5 
pg) + 28pl H2O + Ipl T4 ligase.
The ligation was carried out at 14% o/n. Once again, following phenol/chloroform 
extraction, the DNA was precipitated with ethanol and after washing and drying, the pellet 
was resuspended in lOpl TE.
The vector (Ipg) was subsequently digested with Pstl at 37%  for 2 hours in 20pl total 
volume reaction. As described previously, phenol/chloroform extraction and ethanol 
precipitation were performed. The pellet was finally resuspended in 5 pi TE and kept at - 
20%  to be ligated to mycobacterial genomic DNA fragments.
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7.20.2 Preparation o f mycobacterial inserts
Reagents:
Pstl enzyme (lu/pl)
Phenol/chloroform 
Ethanol (absolute and 70%)
TE (pH8.0.)
Procedure:
Total genomic DNA (Ipg) extracted from MH21 and NF38 colonies derived from 
M.avium strain LR541 was separately digested with Pstl in 50pl total volume reaction at 
37%  for 2 hours. After this time, DNA was extracted once with phenol/chloroform, by 
shaking vigorously for 4 minutes followed by centrifugation for 5 minutes. The 
supernatant was transferred to a fresh centrifuge tube, to which absolute ethanol was 
added. This was stored at -70%  for 30 minutes before centrifugation for 15 minutes at 
13000rpm. The supernatant was carefully removed without disturbing the pellet; the pellet 
was washed in 70% ethanol and following re-centrifugation the supernatant was carefully 
removed. The DNA pellet was dried in a vacuum desiccator and resuspended in 10pi of 
TE buffer.
7.20.3 Ligation o f mycobacterial DNAs and the phage Lambda vector g tl 0 
The ligation reactions for both libraries were set up as follows;
5pi ÀgtlO (Ipg), EcoRI-digested, dephosphorylated, methylated, EcoRI to Pstl linkers
3 pi MH21/NF38 (300ng)/P5ft fragments
4pl 5x ligase buffer
7pl H2O
Ipl T4 ligase.
The ligation was carried out at 14% o/n. Ligation mixture was kept at 4°C prior in vitro 
packaging.
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7.20.4 In vitro packaging 
Reagents:
Gigapack Packaging kit: Freeze-thaw extract from induced E.coli BHB2688 (packaging 
protein donor) and sonicated extract from induced E.coli BHB2690 (prehead donor).
SM buffer 
Chloroform
Procedure:
A 3pi aliquot of recombinant DNA (A,gtlO/MH21 and lgtlO/NF38) was added to lOpl 
freeze-thaw extract and this mixture was incubated on ice. Immediately, 15pi of the sonic 
extract was added to the freeze-thaw/recombinant DNA mixture and this mixture was then 
incubated at 20 for 2 hours. Following incubation, a 500pl aliquot of SM buffer and a 
lOpl aliquot of chloroform were added to the in vitro packaging mixture and the mixture 
was incubated at 4% .
7.20.5 Transfection o f Escherichia coli cells 
Reagents:
L-Agar plates 
L-Broth 
Maltose (10%)
MgSO^ (lOmM)
SM buffer 
T-top agarose
Procedure:
Preparation of phage plating cells was carried out as follows; A loopful of glycerol stock 
of E.coli strain C600 was plated out onto a dry L-agar plate and incubated at 37%  o/n. 
Following growth, a individual colony was picked and transferred into 10ml L-Broth 
(supplemented with 0.4% maltose). Once more, the culture was incubated at 37%  o/n.
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1ml of the overnight culture was used to inoculate 20ml of L-Broth (supplemented with
0.4% maltose). Cells were incubated at 37%  until they reach an O.D.600 of 0.5
(approximately 3 hours). The culture was cooled on ice followed by centrifugation at
3000rpm for 10 minutes at 4% . Cells were resuspended in 5ml of ice-cold lOmM 
MgSO^. Following mixing, the cells were kept at 4% .
Diluted aliquots of the IgtlO packaging mixtures were prepared with SM buffer, these 
were then mixed with 0.2ml aliquots of E.coli C600 plating cells and incubated at 37%  
for 15 minutes, to allow phage adsorption to occur. Each mixture was then added to a 3ml 
volume of molten T-top agarose, which was then poured immediately onto a pre-warmed 
L-agar plate. When the overlays had set, the plates were incubated at 37%  overnight. 
Following overnight incubation, the number of plaques per L-agar plate were determined 
and the À.gtlO/MH21 and A,gtlO/NF38 libraries size was calculated.
7.20.6 Screening of Phage Lambda gtl 0 libraries
Reagents:
N-hybond membranes 
Denaturing solution 
Neutralizing solution (pH7.2.)
2xSSC
Procedure:
In order to detect the positive clones, screening of genomic libraries was performed in two 
steps; First of all, plaque blotting followed secondly by filter hybridization of plaques with 
pLR20. Plates containing a number of plaques between 200 and 300 were selected for 
plaque blotting. N-hybond membranes were carefully placed on the agar surface. In order 
to ensure correct orientation of plaques and facilitate later alignment, both membrane and 
agar were marked using a sterile needle. After 1 minute the membrane was removed and 
placed, plaque side up, on a pad of absorbent filter paper soaked in denaturing solution for
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7 minutes, the membrane was then place, plaque side up, on a pad of absorbent filter 
paper soaked in neutralizing solution for 3 minutes. The process was then repeated with a 
fresh pad soaked in the same solution. Filters were then washed in 2xSSC and transferred 
to dry paper for air drying, plaque side up. Finally, the sample was fixed to the membrane 
by oven baking in a vacuum oven at 80°C for 2 hours.
Filter hybridization using pLR20 as the probe and chemiluminiscent detection of positive 
clones was carried out as described previously.
7.2ft 7 Plaque-puriflcation of individual clones (re-screening)
Following screening of phage libraries, positive signals were detected as black dots on 
the X-ray films and the subsequent re-alignment of these filters with the appropriate L- 
Agar plates resulted in the identification of the plaques responsible for these signals. 
When the plaque density on the L-Agar plate was low, the positive plaque can be removed 
firom the plate with a toothpick and this material was then dispersed in 50pl volume of SM 
buffer and incubated at 4®C overnight to produce a plaque-purified phage stock of 
positive plaque. However, a high plaque density on the L-Agar plates does not allow the 
positive plaques to be removed. In these cases, a number of plaques were scraped from the 
plate, surrounding and including the positive plaque. This material was then dispersed in 
50pl volume of SM buffer and incubated at 4°C overnight to produce a pre-plaque- 
purified phage stock of positive plaque. Diluted aliquots of this phage stock were then 
prepared for the subsequent transfection of E.coli cells, plating out and detection of 
positive plaques as described above. This process constitutes the second screening of the 
A,gtlO libraries. Totally, four screenings were performed for each library (lgtlO/MH21 and 
XgtlO/NF38) after which plaque purified positive clones resulted in the detection of 
positive signals to all 1 0 0% of the plaques screened.
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7.20.8 Extraction o f bacteriophage ÀgtlO DNA. Plate lysate Method (Maniatis et a/., 
1982)
Reagent:
SM buffer 
Chloroform 
T-Top agarose 
L-Agar plates 
RNase A 
DNase I 
PEG (20%)
2MNaCl in SM 
SDS (10%)
0.5MEDTA(pH8.0.)
Phenol 
Isopropanol 
Ethanol (70%)
Procedure:
Using a Pasteur pipette, a single, well-isolated plaque was picked into 1ml of SM 
containing a drop of chloroform. This was kept at 4^C for 6  hours to allow the 
bacteriophage particles to diffuse out of the top agarose. The bacteriophage suspension 
(-10^) was mixed with lOOpl oiE.coli C600 strain and incubated at 37°C for 20 minutes. 
3 ml of molten T-top agarose (0.7%) were added to the above suspension and the mixture 
was spread on the surface of a freshly made L-Agar plate. The plate was inverted and 
incubated at 37°C for 10 hours until the plaques covered the entire surface of the L-Agar 
plate. 5ml of SM buffer was then added directly onto the plate and the bacteriophages 
were allowed to elute by storing for 2  hours at room temperature with constant, gentle 
shaking. SM buffer containing the bacteriophages particles was then transferred to a 12ml 
polypropylene centrifuge tube and the bacterial debris was removed by centrifugation at 
4000rpm for 10 minutes at 4®C. The supernatant was recovered and RNase A and DNase 1 
were added each to a final concentration of Ipg/ml. Incubation was performed for 30
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minutes at 37®C. An equal volume of a solution containing 20% (w/v) polyethylene glycol 
and 2M NaCl in SM, was then added and the mixture was further incubated for 1 hour at 
O^C (ice water). The precipitated bacteriophage particles were recovered by centrifugation 
at 12000rpm for 20 minutes at 4®C. The supernatant was discarded by aspiration and the 
tube was left inverted on a paper towel to allow all of the fluid to drain away. The 
bacteriophage particles were then resuspended in 0.5ml of SM by vortexing and 
centrifuged at 4000rpm for 5 minutes at 4®C to remove debris. Following centrifugation, 
the supernatant was transferred to a fresh Eppendorf tube to which 5pl of 10%SDS and 
5pi of 0.5M EDTA were added. The mixture was incubated at 6 8 °C for 15 minutes. 
Phenol extraction was followed by phenol/chloroform and chloroform extractions. To the 
final aqueous phase an equal volume of isopropanol was added. Following centrifugation, 
the pellet was washed with 70% ethanol, dried under vacuum and resuspended in 50pl of 
TE. lOpl of the solution were removed to a fresh tube to which 1.2pl of the appropriate 
buffer and 1 unit of Pstl were added. Following incubation at 37°C for 2 hours, the DNA 
fragments were analyzed by gel electrophoresis.
7.21 Construction of pUClS libraries
The A,gtlO clones containing Mavm/w fragments from MH21 and NF38 colonies were 
digested with iicoRI to release the inserts in 20pi total volume reaction at 37°C for 2 
hours. An agarose gel was run and the inserts were excised from the gel and subsequently 
purified by the 'gene clean' method. Following digestion of the vector pUC18 with EcoRI 
under the same conditions, the inserts were ligated to the vector. The ligation reaction was 
set up as follows:
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2pl EcoKL digested DNA (150ng) 
Ipl Æ’coRI digested pUC18 (300ng) 
2pl 5x Ligase buffer 
4pl distilled H2O 
Ipl T4 ligase
Transformation of E.coli cells was performed using competent "MAX Efficiency DH5a 
cells" as previously described. Screening of the libraries was performed by identification 
of blue and white colonies on L-Agar plates and by a large screening involving colony 
blotting and subsequent colony hybridization with pLR20 as described below. 
Recombinant white colonies were picked into 1.5ml of bacterial strain and grown at 37 
overnight. Small scale plasmid preparation was carried out as outlined previously. The 
isolated clones were digested with EcoRI and hybridized to pLR20 to identify the correct 
inserts.
7.22 Colony library screening
Screening of recombinant plasmid libraries with a suitable DNA probe enables the 
identification and isolation of recombinant plasmids carrying DNA inserts of interest. In 
this case colony library screening was used to identify the pUC18 clones NF3881, NF3882 
and MH216 using pLR20 as the probe.
Reagents:
L agar plates containing appropriate antibiotic 
Nitrocellulose filter discs and Nylon filter discs 
SDS (10%)
Colony dénaturation solution 
Colony neutralization solution 
SSC (2x)
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Procedure:
The recombinant plasmid libraries pUC18/MH21 and pUC18/NF38 were plated on L agar 
plates containing 50pg/ml ampicillin and grown until colonies were just visible following 
incubation at 37%, overnight. The colonies were lifted onto a dry nitrocellulose filter disc 
by placing this on top of the agar dish and gently pressing the disc down with a colony 
replicator to ensure even picking of colonies across the disc. The nitrocellulose disc was 
placed, colony side up, onto a fresh L agar, ampicillin plate and incubated at 37%  for up 
to 2 hours to ensure firm adhesion of colonies to the filter. This filter constituted the 
master filter. A nylon filter disc, prewetted on a fresh media plate, was placed on top of 
the master filter and pressed down firmly as described above. Alignment marks using a 
pin were applied for future alignment. Following careful removal of the nylon disc, a 
second nylon disc was applied in a similar manner, including the application of alignment 
marks. The two nylon filters were placed, colony side up, on L agar, ampicillin plates and 
incubated at 37%  until the colonies were approximately 1mm in diameter. The nylon 
filters were then removed and treated to break open the bacteria and liberate the plasmid 
DNA. This was achieved by placing the discs, colony side up, for 3 minutes onto 3MM 
paper saturated with 10%SDS. This was followed by 5 minutes on paper with colony 
denaturing solution, followed by 5 minutes on paper with colony neutralising solution. 
Finally, the discs were placed for 5 minutes on paper soaked in 2xSSC. Following air- 
drying, the DNA was fixed by baking the discs at 80% for 1 hour. Hybridization was 
performed using pLR20 as the probe as described above. Following autoradiography of the 
hybridized filter, the autoradiograph was aligned to the respective nylon disc, thus 
enabling the identification of positive colonies on the master filter with the 
autoradiograph. Single positive colonies were picked and resuspended in 1ml of L broth 
for extraction of DNA and subsequent analysis of DNA inserts.
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7.23 Construction of M13 phage libraries
Cloning DNA into the single-stranded M l3 phage facilitates DNA sequencing by the 
Sanger "dideoxy chain termination" method. M13 is a single stranded filamentous phage. 
The phage enters a suitable host cell {E.coli F') by way of the F pilus. On entering the cell, 
the virus is stripped of its protein coat. The single stranded viral DNA is then converted to 
a double stranded replicative form (RF) followed by DNA replication originating many RF 
molecules from which new single-stranded DNA is synthesized. In this way, the phage can 
be harvested by PEG precipitation of the culture supernatant. The single-stranded DNA 
can then be stripped of its viral protein coat by treatment with phenol. After phenol 
precipitation, this procedure yields sufficiently pure single-stranded DNA for Sanger 
'dideoxy sequencing". Fragments of foreign DNA can be inserted into M I3. M13RF DNA 
carrying such a double stranded insert can be introduced into a host cell by transformation. 
The resultant phage growth will lead to production of the hybrid molecule in both double 
stranded and single stranded forms. The discrimination of recombinant M l3 plaques is 
based on the presence or absence of the enzyme B-galactosidase. E.coli host cells infected 
with Ml 3 vector strains will, in the presence of the lac operon inducer isopropyl-6 -D- 
thiogalactopyranoside (IPTG), produce a functional B-galactosidase. Such cells will 
hydrolyse the substrate 5-bromo-4-chloro-3-indolyl-B-galactoside (X-gal). Insertion of 
foreign DNA into an appropriate site within the multiple cloning site of M I3 usually 
interferes with the production of B-galactosidase in infected cells. Thus recombinant M I3 
gives colourless plaques on an E.coli lawn, in contrast to the blue plaques given by the 
intact vector. The colourless recombinant plaques can then be picked and grown to give 
single-stranded template for Sanger 'dideoxy sequencing".
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Reagents:
Insert DNA digested with Sau3A
M l3 vector DNA restricted with BamlH and dephosphorylated 
T4 Ligase (1 unit/pl)
Ligase buffer (5x)
E.coli JM109 host cells 
2xTY medium
Calcium chloride (CaCl2, 50mM)
2xTY agar 
IPTG(lOOmM)
X-gal (2% in dimethylformamide)
H top agar 
H plates
Procedure:
pUC18 clones containing M.avium fragments (NF3881, NF3882 and MH216) were 
digested with Æ’coRI and following gel electrophoresis, the inserts were excised and 
purified using 'gene-clean' method as described previously. Subsequently, inserts were 
digested with Sau3A enzyme at 37%  for 2 hours. DNA was extracted with 
phenol/chloroform and subsequently precipitated with absolute ethanol. The pellet was 
washed with 70% ethanol, dried in a vacuum oven and resuspended in lOjal of TE. The 
DNA was then ligated to the BamHL site of Ml 3 phage. The ligation reaction was set up as 
follows;
2pl Sau3A digested DNA (50ng)
2pi BamUl digested M13mpl8 (lOOng)
2 pi 5x Ligase buffer
3 pi distilled H2O 
Ipl T4 ligase
Competent E.coli cells were prepared by inoculating a single colony from a 
glucose/minimal medium plate into 10ml of 2xTY medium and grown at 37%, overnight. 
2ml of this overnight culture was used to inoculate 40ml of 2xTY medium and this was 
shaken at 37%  for two hours or until the optical density at 650nm was 0.3.
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Simultaneously, 1ml of overnight culture was inoculated into 20ml of medium to provide 
fresh plating cells. The 40ml culture was spun at 2000rpm in a bench-top centrifuge to 
pellet the cells and were resuspended in 20ml of ice-cold CaCl2 . This was kept on ice for
20 minutes and then spun as above, after which the pellet was resuspended in 4ml of ice- 
cold CaCl2 . In order to increase the transformation efficiency, these competent cells were
stored on ice for several hours prior to use. Transformation was carried out by transferring 
0.2ml aliquots of competent cells to 15ml sterile tubes on ice, adding 2pl of ligation mix 
and leaving them on ice for up to 1 hour, subsequently the cells were heat-shocked by 
incubation at 42%  for 3 minutes. Transformed E.coli cells were plated out by preparing 
the following mix in large microfuge tubes:
40pl IPTG 
30pl X-gal 
2 0 0 pl plating cells
This mix was added to the transformation mix and 3ml of molten H top agar (42%) was 
added and plated out on H plates. Following incubation at 37%, overnight, recombinant 
M l3 plaques were selected as described as above. Recombinant M l3 plaques were 
toothpicked and stored in 50pl of storage buffer.
Small-scale preparations of RF DNA followed the initial steps of a single-stranded DNA 
preparation. Fresh 1.5ml cultures contained in plastic Bijous were inoculated with either a 
single colourless plaque or a phage suspension of lO^^pfu/ml and shaken at 37%  for 5 
hours. These cultures were transferred to large microfuge tubes and centrifuged for 5 
minutes. All supernatant was removed and the cell pellet, containing the RF of M13 was 
treated as described under "small-scale plasmid DNA preparation" previously.
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7.24 Preparation of single-stranded M13 DNA
Reagents:
£'.co//JM109 
2xTY medium
PEG/NaCl ( 20% PEG-6000,2.5M NaCl) 
TE buffer 
Phenol/chloroform 
Proteinase K (5 units/pl)
Sodium acetate (3M)
Absolute ethanol 
70% ethanol
Procedure:
1ml of an overnight culture of host cell was inoculated into 1 0 0ml of 2 xTY medium and
dispensed into 1.5ml aliquots. An aliquot was inoculated with a recombinant M l3 plaque
or phage suspension (lO^^pfu/ml) and shaken at 37%  for 5 hours. The culture was
transferred to a large microfuge tube and spun for 5 minutes. 1ml of supernatant
containing the phage particles was carefully transferred to a fresh tube and following the
addition of 250pl of PEG/NaCl was left on ice for 15 minutes. The PEG was precipitated
by centrifugation at 12000rpm, 4 %  for 15minutes. The supernatant was discarded and the
pellet re-spun briefly at room temperature. Any remaining supernatant was removed with
a drawn-out Pasteur pipette. The pellet was resuspended in lOOpl of TE buffer. An equal
volume of phenol/chloroform was added, vortexed and then left to stand for 5 minutes and
re-vortexed prior to spinning at room temperature for 5 minutes. This was either followed
by a chloroform extraction and an ethanol precipitation or by an ethanol precipitation
alone. In the latter case the DNA was resuspended in lOOpl of TE buffer and treated with
Ipl of proteinase K at room temperature for 30 minutes, this being followed by a
phenol/chloroform and chloroform extraction and an ethanol precipitation. In both cases 
the DNA was resuspended in 20pl of H2O, It was found that either method yielded DNA
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pure enough for sequencing. 2pl of DNA sample was run on a 1% agarose gel to estimate 
its concentration.
7.25 Sequencing of single-stranded M13 DNA
The dideoxy chain-termination DNA sequencing method involves the synthesis of a
DNA strand by a DNA polymerase in vitro using a single stranded DNA template and
utilises the "Sequenase 2" kit from US Biochem Corp. Synthesis is initiated at the one site
where an oligonucleotide primer anneals to the template. The synthesis reaction is
terminated by the incorporation of a nucleotide analog that will not support continued
DNA elongation. The chain terminating nucleotide analogs are 2',3’-dideoxynucleoside 5-
phosphates (ddNTPs), which lack the 3'-OH group necessary for DNA chain elongation.
When proper mixtures of dNTPs and one of the four ddNTPs are used, enzyme-catalysed
polymerization will be terminated in a fraction of the population of chains at each site
where the ddNTP can be incorporated. Four separate reactions, each with a different
ddNTP give complete sequence information, since a radioactively labelled nucleotide is
also included in the synthesis, so that the labelled chains of varying lengths can be
visualised by autoradiography after separation by polyacrylamide gel electrophoresis.
Reagents:
Template DNA
Oligonucleotide primer (5ng/pi)
Sequencing buffer (5x, 200mM Tris.Cl pH 7.5, lOOmM MgCl2 , 250mM NaCl) 
DTT (dithiothreitol, 0. IM)
Labeling mix dGTP (5x, 7.5|iM dGTP, 7.5pM dCTP, 7.5pM dTTP)
^^S-dATP (lOOOCi/ramol)
Termination mixes - ddA, ddC, ddG, ddT (each consisting of SOjliM  of each 
dNTP, 50mM NaCl, and 8 pM of the respective ddNTP)
Enzyme dilution buffer (lOmM Tris.Cl pH 7.5, 5mM DTT, 0.5 mg/ml BSA) 
Sequenase -2 enzyme
Stop solution (95% formamide, 20mM EDTA, 0.05% bromophenol blue,
0.05% xylene cyanol
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Procedure:
1. Annealing mixture: the annealing reaction was set up as follows.:
xpl template DNA (2pg)
2pl sequenase buffer (5x)
Ipl primer (5ng/pl)
H2O to lOpl.
DNA was annealed by heating at 65%  for 2 minutes followed by quick cooling to 25- 
30%  in water at 65%. The annealed mix was briefly spun and maintained on ice prior to 
use, as this enhanced sequencing.
2. Labeling - dGTP labeling mix was then diluted 5-fold in H2 O; similarly, Sequenase
enzyme was diluted 8-fold in ice-cold enzyme dilution buffer. The following labeling 
reaction was carried out:
lOpl template-primer 
Ipl DTT (O.IM)
2 pl dilute labeling mix 
Ipl label p5s] dATP 
2  pi dilute enzyme.
The labeling reaction was mixed and incubated at room temperature for 2-5 minutes. Prior 
to the labeling step 2 .5pi of each of the four termination mixes were aliquoted into four 
microfuge tubes, respectively, which were kept on ice but incubated at 37%  for 1 minute 
immediately before use in the termination step. A 3.5pi aliquot of the labeling reaction 
was transferred to each of the tubes containing the termination mix, mixed well and 
incubation of the termination reactions was continued at 37°C for 5 minutes. Immediately, 
4pl of stop solution were added to each of these tubes, mixed, briefly spun and stored for 
up to 2 days at -20^C until use. The samples were heated to 75%  for 2 minutes 
immediately before loading onto sequencing gel.
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7.26 Sequencing of double-stranded pUClS plasmid DNA
Although following the general protocol of DNA sequencing, using the Sequenase-2
kit, the double-stranded template DNA is denatured by alkaline dénaturation before
sequencing.
Reagents:
Sodium hydroxide (2M NaOH)
EDTA(2mM)
Sodium acetate (3M, pH 5.2)
Ethanol 
70% ethanol
Procedure:
The DNA plasmid (3-5pg) was denatured by adding 0.1 volumes of 2M NaOH and 0.2M 
EDTA followed by incubation at 37%  for 30 minutes. The mixture was neutralized by 
adding 2pl of 3M sodium acetate and, after mixing quickly, 60pl of ethanol. This was 
mixed well and left at -20°C for 30 minutes. Following spinning at 13000rpm at 4 %  for 
15 minutes, the DNA pellet was washed in 70% ethanol and dried in a vacuum desiccator. 
The DNA was resuspended in 7pl of water and 2pl of reaction buffer and Ipl of primer 
were added. This mixture was used immediately for sequencing as described above.
7.27 Preparation of a DNA sequencing gel
Reagents:
Stick solution
Repel solution
Tris borate buffer (lOx)
Urea
Acrylamide
Fresh ammonium persulphate (10%)
TEMED
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Procedure:
BRL sequencing plates (50x40cm) were scrubbed thoroughly with detergent and hot 
water, rinsed well with distilled water several times and left to dry standing on tissue. 
Both plates were sprayed with ethanol, swabbed with tissue and left to dry. The, back- 
plate was coated with stick solution and left to dry in a fume hood. Similarly using fresh 
tissues, the front plate was coated with repel solution and left to dry. Both plates were 
wiped with ethanol which was dispersed with tissue paper. Plastic spacers were placed on 
the back plate and the lower front plate was placed into position with the treated surfaces 
innermost, ensuring that both plates fitted tightly. The sides, bottom and bottom comers of 
the plates were sealed with masking tape, taking care to firmly rub down tape to avoid 
subsequent air-bubbles being trapped which might cause leakage at a later stage. Five 
bulldog clips were placed along each side of the plates, making sure that their point of 
contact with the glass is over the side spacers. The plates were then positioned at a 10® 
angle for pouring. The gel was prepared prior to treating the plates and consisted of 9.3ml 
of acrylamide, 31.5g of urea made up to 75ml and kept in a 37®C waterbath. The mixture 
was dissolved by gentle stirring and returned to the waterbath. Immediately before pouring 
420pi of ammonium persulphate solution and 75pl of TEMED were added to the gel 
mixture and this was mixed by drawing up into a 75ml syringe. The gel plate was 
supported with top a few inches higher than the bottom. The gel was quickly poured into 
the space between the plates starting at one side and working across the face of the plate, 
ensuring that no air-bubbles were trapped. Once poured, the gel was supported on bench 
with top about 20 inches higher than the bottom. The excess of acrylamide was added to 
the top of the gel and rapidly the shark-tooth spacers were slid in to form wells no deeper 
than 0.5cm. The gel was left to polymerize for at least 2 hours. If the gel was not to be 
used on the same day, the top was covered with cling-frlm to prevent drying out.
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7.28 Running of DNA sequencing gel
Reagents:
Running buffer (TBE buffer) (Ix) 
Fixing solution
Procedure:
The sequencing gel was set up for sample loading. The masking tape was removed from 
the bottom of the polymerized gel. Bulldog clips were removed from the sides and the gel 
was placed into the electrophoresis apparatus. When in position, clips along the sides of 
the gel were replaced, thereby clamping plates to apparatus. Running buffer was poured 
into both top and bottom reservoirs ensuring that the wells and gel bottom were 
submerged by 5 mm and 10mm respectively. The shark-tooth combs were removed 
carefully and immediately the wells were flushed out thoroughly using a Pasteur pipette. 
DNA samples were heat-treated for 5 minutes at 80®C and briefly spun down. Whilst 
tubes were being heated, all wells were reflushed. For "long" runs (bottom dye of "short" 
run to bottom of gel), 5pi samples were applied, whilst for "short" runs (loaded when top 
dye of "long" run was at bottom of gel), 4pl samples were applied. The order of dNTPs 
and clones were marked on the gel plate. The voltage was set to maximum and the current 
at 75mA for sequencing of mycobacterial DNA. After electrophoresis, the power was 
turned off and the buffer from the top reservoir was drained off. The plates were removed 
from the apparatus and left to cool for a few minutes. Then the seals and side spacers were 
removed and the gel plates were dismantle by prising them gently apart with plastic 
tweezers. The plate containing the gel was placed in fixing solution, for 25 minutes at 
room temperature and then rinsed thoroughly under the tap before drying the gel at 80®C 
for 1 hour. The plate was allowed to cool to ambient temperature. Radioactivity counts 
were checked with a mini-monitor. Counts at the top of the gel should be in the range 10- 
100 c.p.s., decreasing considerably towards the bottom. The plate was then placed in a
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suitable autoradiogram with X-ray film and exposed in the dark at room temperature for 
20-80 hours.
7.29 Removal of synthetic oligonucleotides from column and deprotection
Reagents:
Fresh ammonia solution (spec, gravity 0.88)
Sodium acetate (3M)
Ethanol (absolute)
70% ethanol
Procedure:
DNA sequencing oligonucleotides were synthesized using an automated DNA 
oligonucleotide synthesizer 381A (Applied Biosystems). A 2ml syringe was attached to 
one end of the column containing the synthesized oligonucleotide. 1ml of ammonia was 
taken up in a second 2 ml syringe and attached to the other end of the column. 0 .2 ml of 
ammonia was passed into the empty syringe and left at room temperature for 2 0  minutes. 
Another 0.2ml of solution was passed into the column and left at room temperature for 
another 20 minutes. This procedure was repeated several times. The ammonia solution 
was then squirted back and forth a few times before it was transferred to a screwtop 
microfuge tube. This was placed in a glass Universal and incubated at 55®C for a 
minimum of 10 hours but not longer than 20 hours. The glass vial was removed and left to 
cool prior to opening. 3 00 |li1 of solution was precipitated with ethanol as described 
previously and resuspended in 100 pi of water. In order to determine the DNA 
concentration, the optical density of the sample was read at 260nm. The DNA 
concentration for oligonucleotides is derived from the equation below and the sample was 
diluted accordingly.
[DNA] = O.D.2 5 0  X 33 X dilution factor = pg/ml
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7.30 Polymerase Chain Reaction Amplification of Mycobacterial DNA (PCR)
This method, allows for enzymic amplification of DNA and was developed by Saiki et
al (1985; 1988). Target DNA is denatured by heating followed by annealing of DNA
oligonucleotides, usually 20-25 bases long, homologous to sequences 50-2000 bases apart
on the target DNA. This step, which is analogous to DNA hybridization, governs the
specificity of the reaction; although, the temperature of each individual step also affects
specificity. The annealed DNA oligonucleotides are then allowed to prime DNA synthesis,
which results in the synthesis of both strands. The DNA is then denatured and the cycle is
repeated; thus, repeated cycles yield exponential amplification of target DNA. Conditions
for PCR amplification of any DNA are dependent on a number of parameters, including 
the melting temperature (T^) of the DNA to be amplified. As this is directly related to the
G+C content of the DNA, amplification of mycobacterial DNA is usually carried out at 
high temperatures. DNA fragments between 600-1460 bp in length were generated (See 
section 9).
Reagents:
Template DNA (usually 0.1 to l.Ong) 
Reaction Buffer (lOx) 
deoxy-nucleotide triphosphate mix (dNTPs) 
DNA primer pair (lOOng/pl)
Taq polymerase (5units/pl)
Reaction buffer (lOx)
PCR reaction: Target DNA Ipl
Reaction buffer 5 pi
dNTPs 8 pl
MgCl2  Ipl
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Taq polymerase 0.2pl
Primer pair Ipl
Water to 50pl.
Liquid paraffin 50pl.
Procedure:
PCR reactions were carried out in volumes of 50pl using the Biometra apparatus. The 
conditions included an initial dénaturation at 94®C for Imin; this was followed by a 30 
cycle reaction consisting of an annealing step at 55®C for 30sec, extension at 72®C for 
150sec and dénaturation at 94®C for 30sec. A final cycle consisted of one annealing at 
55®C for 2min followed by extension at 72®C for 5min. Upon completion of amplification 
the reaction was cooled to 4®C and stored for the short-term at 4®C before gel 
electrophoresis.
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Results and discussion
8. CHARACTERIZATION OF IS lllO , A HIGHLY MOBILE ELEMENT FOR 
Mycobacterium avium ISOLATED IN A CLINICAL ISOLATE OF AN AIDS 
PATIENT.
8.1 Introduction
M.avium is the main opportunist pathogen affecting patients suffering from the 
Acquired Inmunodeficiency Syndrome (AIDS) in USA and in Europe, Rates of infection 
as high as 50% have been reported, with certain serotypes, notably 1, 4, and 8 being the 
most prevalent (Young et al., 1986; Portaels, 1987; Horsburgh, 1992; McFadden et al., 
1992). However, the source and route of infection in such patients are unknown. Methods 
for typing M.avium isolates based on biochemical characterization and serotyping are 
inadequate for such investigations.
Previous studies (McFadden et al., 1987 a, b; Hampson et a l, 1989) have shown that the 
probe pMB22 can be used in a restriction fragment-length polymorphism (RFLP) typing 
system, and furthermore that M. avium strains can be distinguished on the basis of 
possession of insertion sequences: type A/I, which carries IS901, causes disease in 
animals and birds, while strains of RFLP type A lacking ISPW, are more commonly 
isolated from environmental sources and also from AIDS patients (Kunze et a/., 1992). 
However, the limited extent of the polymorphism seen with pMB22 restricts its 
usefulness for epidemiological studies of the spread of M.avium infection.
In this Thesis, I describe the isolation of a further insertion sequence, ISlllO , which is 
related to \S900 but shows a remarkable degree of mobility, exhibiting a far greater 
degree of polymorphism than pMB22 which makes the element valuable for 
epidemiological studies and transposon mutagenesis, as discussed later in this section.
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8.2 Identification of the presence of ISlllO
8.2,1 Plastmd analysis of the strain LR541
LR541 is a serotype 4 M. avium strain isolated in a clinical blood sample from an 
AIDS patient which was obtained from the Center for Disease Control, Atlanta, Georgia, 
USA.
Initially, analysis of the plasmid content of M.avium LR541 (amongst many others) was 
carried out in order to establish the possible role that plasmids might play in the 
virulence, pathogenicity and development of the disseminated disease caused by Mavium 
in AIDS patients (Crawford and Bates, 1986). As a result of this analysis, the strain 
LR541 was known to carry three plasmids, two small ones, with a molecular weight 
between 9 and 15 Mdal: i) pLR20, ii) plasmid related to pLR7, and a third large 
plasmid with a molecular weight of over 100 Mdal, not well characterized.
Later on, Hellyer et al. (1991), carried out a genetic study of the incidence of plasmids 
from 128 strains of M.avium isolated in AIDS patients. During the isolation and 
subsequent analysis of the plasmid DNA from the strain LR541 according to the methods 
described by Crawford and Bates (1986), a change in the plasmid content of the strain 
LR541 was detected by Hellyer in relation to the plasmid content observed by Crawford 
and Bates (1986).
Preparations of purified DNA from the strain LR541 by the Qiagen method displayed a 
previously undetected additional 4th plasmid band running close to pLR20 on the 
electrophoresis gel. This plasmid band was designated as pLR20'. See Fig. 6 .
All the results presented in section 8.2.1 were the work of Tobin Hellyer and are included 
here for completeness.
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PLASMID CONTENT OF üftavten LR541
Large Plasmid
iUI7 related " Plasmid
Fig 6. Plasmid content of the strain LR541 (Data from Tobin Hellyer).
Six purified DNA preparations from strain LR541. This strain is known to carry three plasmids;(i) pLR20, (ii) 
a plasmid related to pLR7, and (iii) a large plasmid, not well characterized
An additional band can be observed running slower than pLR20. This plasmid band is designated pLR20', 
due to the acquisition of the mobile genetic element ISlllO by pLR20 as result of the transposition of 
\S1110.
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In order to characterize both plasmids, pLR20 and pLR20', the relevant DNA bands were 
extracted from the agarose gel and purified by the "Geneclean" method. The DNAs were 
digested using the restriction endonuclease BstEII. An agarose gel was run containing the 
isolated digested fragments which were subsequently transferred to a nylon membrane by 
'Southern Blot' technique. The DNAs were hybridized with the probe pJC70 (parental 
pLR20 cloned into the EcdBl site of pUC18. The pLR20 probe used here was the EcdBl 
insert from pJC70). pLR20' hybridized strongly to the pLR20 probe generating identical 
digested fragments to pLR20, except for an extra fragment of 2.5 Kb, not present in 
pLR20. See Fig. 7.
The autoradiography showed that parental pLR20 generated fragments of 5.2, 2.1, 1.9, 
1.0 and 0.7 Kb while pLR20' produced fragments of 5.2,2.5, 1.9,1.0 (#) and 0.7 Kb.
[(#) doublet or coexistence of two different DNA fragments of the same length]. 
pLR20' seems to also have a 2.1 Kb fragment in the autoradiography, presumably due to 
contamination of pLR20' with pLR20.
Therefore, it appears that pLR20' is the pLR20 plasmid itself but altered in size. This 
increase of the size of the plasmid pLR20 from the strain LR541 was interpreted as 
potentially having been caused by the acquisition of a mobile genetic element by pLR20. 
This hypothesis was later on confirmed when the entire sequence of 18777^ was obtained 
which enabled the result in Fig. 6 to be interpreted as follows:
\S1110 is inserted in the 2.1 Kb fragment, but has an internal BstEII site. This results in 
the 2.1 Kb fragment being replaced by one of 2.5 Kb (I) and another of 1 Kb (D'), the 
latter running as a doublet with an existing fragment of pLR20. See Fig. 8.
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Fig 7. Autoradiography showing the pLR20 and pLR20' hybridization with pJC70 (Data 
from Tobin Hellyer).
1: pLR20'
2 to 5: pLR20
6-7: Total DNA from strain LR541 (positive control)
In the first track, I shows a 2.5 Kb pLR20'/BstEII fragment containing partial sequence of ISIIIO and D' 
denotes the 1Kb pLR20'/BstEII fi'agment running as a doublet with an existing fi^ agment of pLR20.
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(O') fragments pLR20'/BstEn (I)
1000 2 5 1 5
5 0
< > f 9 5 0 2000
>
>
BstEII
BstEII BstEIIISlllO
2 0 5 0
fragment pLRIO/BstEO
Fig 8. Fragments BstEII obtained after the hybridization of pLR20 and pLR20' with 
pJC70 (recombinant pLR20).
Solid lines indicate fragments which are known from ISlJltf sequence. Dash-dot lines refer to estimated 
fragment sizes. (Q and (D'): 2.5 Kb and 1 Kb pLR20' BstEII-cut fragments as referred in the text.
8,2,2 Plasmid analysis of individual colonies obtained after subculturing of the 
strain LR541
As the result of the plasmid analysis of the strain LR541 carried out by Hellyer, it was 
apparent that both pLR20 and pLR20' were present in this culture, indicating either 
heterogeneity of the culture or carriage of both plasmids by individual cells.
At this stage, LR541 was sent to Surrey University and Ndingsa Fomukong was to carry 
on with the plasmid investigations. In order to obtain pure pLR20', a sample of LR541
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was plated out onto 7H11 plates to obtain single colonies. A selection of single colonies 
(70) were picked and grown up in 7H9. The total genomic DNA from all the cultures was 
separately extracted, purified and digested with the restriction endonuclease iicoRI by N. 
Fomukong, unaware of the previous restriction endonuclease analysis performed by 
Hellyer using BstEII as the enzyme. The DNA was transferred to a nylon membrane by 
'Southern blot' technique and hybridized to the probe pLR20. See Fig. 9.
Analysis of the banding pattern obtained indicated that three types of pattern were seen, 
corresponding to either pLR20 or pLR20' or to a mixture of the two forms. Briefly, for 
pLR20, a single band of about 20 Kb was obtained whereas pLR20' exhibited two bands 
(7 and 9 Kb). The third pattern disclosed the presence of the three bands mentioned 
above (7 , 9 and 20 Kb). See Figs. 9 and 10.
One colony carrying pLR20 (designated MH21), one carrying the altered plasmid pLR20' 
(designated NF38), and a third colony, showing both forms (designated NF9) were picked 
for further analysis.
Thus, in order to clarify and confirm these results, I proceeded to extend the plasmid 
analysis of colonies from LR541 strain using a larger range of enzymes including EcoRI, 
BatriHl and Pstl. DNA from each of the three colonies was extracted, digested and 
hybridized to pLR20 as described above.
Again, analysis of banding patterns disclosed the presence of three different banding 
patterns for each enzyme used. This preliminary experiment showed that the presumed IS 
element had caused an increase in the size of a single Pstl fragment of pLR20, from c.1.7 
Kb to 3.7 Kb. See Fig. 10.
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Fig 9. Hybridization of total iscoRI-digested DNA of 32 colonies subcultured from the 
strain LR541, using the pLR20 probe. (Data from N.Fomukong)
4,5,11,22,23: Three bands pattern corresponding to a mixture of pLR20 and pLR20'. 
Others: Single band pattern corresponding to pLR20.
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Fig 10. Hybridization of total digested DNA from MH21, NF38 and NF9 with pLR20.
1,4 and 7: MH21
2, 5 and 8: NF38
3, 6 and 9: NF9
Comparison of the banding pattern between Psil digested MH21 and NF38 (tracks 7 and 8), revealed the 
increase in the size of the lower single Pst\ fragment from 1.7 Kb to 3.7 Kb. This alteration in the size of the 
plasmid pLR20 (MH21 and NF38 carry pLR20) is due to the presence of in NF38 (pLR20'). NF9
shows both plasmid forms. In track 9, the arrow points at the lowest single Pstl fragment (1.7 kb).
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The digestion of NF38 with £coRI (track 2) revealed the existence of two bands as compared to the single 
band exhibited by the digestion of MH21 with the same enzyme (track 1). The extra band is due to the 
presence of an internal EcdBl in 1S1110.
8.3 Isolation and characterization of ISi 110
Once the alteration of the plasmid was detected, I proceeded to isolate the presumed 
genetic element responsible for it. Therefore, two DNA libraries containing the T*M-cut 
fragments from the two individual colonies (MH21, carrying pLR20, and NF38, carrying 
pLR20') were established using the bacteriophage A,gtlO as the vector. It is important to 
establish the reason for the election of A,gtlO as the vector. The election of this vector 
was due to the packaging restriction that this vector exhibits for those fragments that are 
larger than 7.6 Kb. Briefly, as seen in Fig. 10, the sizes of the two f^d-cut fragments 
hybridizing to pLR20 were 13 Kb (for both MH21 and NF38), 3.7Kb (NF38) and 1.7Kb 
(MH21). Therefore, by using IgtlO, I avoided the possibility of having the large fM -cut 
fragments (13Kb) being cloned into the vector.
8,3,1 Cloning of M,avlmn/Pstlfragments into the bacteriophage ÀgtlO
The bacteriophage XgtlO is a 43.34 Kb long cloning vector which accepts DNA insert 
fragments up to 7.6 Kb and contains an unique EcoBl site located within the cl. When 
cloning into this £'coRI site one creates a selection between cl+ imm^^^ and cl- imm"^ *^^  
phage. When IgtlO phage infects an E.coli strain carrying a high frequency of lysogeny 
mutation, the cl+ phage is repressed so that plaque formation is repressed. However, cl- 
phage form plaques with normal efficiency on hfl strains. In figure 11, the structure of 
bacteriophage A,gtlO is illustrated.
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Left arm EcoRI Right arm
b527 imm434
31 Kb
>  <-------- > f
2.5 Kb 10 Kb
Fig 11. Structure of bacteriophage A,gtlO.
The main problem encountered was the conversion of the site restriction site from EcoRI 
to Pstl, since the EM-cut mycobacterial DNA fragments to be inserted made the direct 
cloning into the bacterophage impossible.
For that reason, it was necessary to use linkers or adaptors EcoRI Pstl (5- 
pd[AATTCCTGCAGG]-3') to create a new site of restriction for Pstl following the 
instructions recommended by the manufactures (Stratagene). See Fig 12.
The bacteriophage IgtlO was digested with EcoRI and the arms were subsequently 
dephosphorylated. The Pstl restriction sites along the arms were methylated by the use of 
Pstl methylase (Biolabs).
Inactivity by méthylation of the 28 restriction sites for Pstl on both arms is essential to 
avoid the breakage of the arms of the vector when these are digested with Pstl after the 
adaptors are linked onto the ends of the vector arms so the enzyme Pstl only cuts the 
newly created Pstl restriction at the ends of the vector. Therefore, the integrity of the 
arms is conserved which is essential for the formation of recombinant clones.
106
Results and discussion
After the ends of the arms have been digested with Pstl, the vector was ligated to the 
total Pstl digested DNA from MH21 and NF38 colonies. The complex strategy of the 
cloning o f Mavium fragments into the bacteriophage ÀgtlO is illustrated in figure 12.
The introduction of DNA into the host cell is produced by in vitro packaging of the phage 
particles and subsequent infection of the bacterial culture E.coli C600 originating the 
formation of phage plaques after incubation at 37^C overnight.
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Digestion with EcoRI
P stl P stl P s t l EcoRI EcoRI P stl P stl
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Méthylation* of Pstl
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J_ _ _ _ _ _ _ _ _ _ _ _ _ 1_ _ _ _ _ _ _ _ _ I_____ r-\ L _ ____ I_ _ _ _ _ _ _ _ I__
Ligation of Adaptor 
EcoRI / Pstl P stl P s t l
Digestion with Pstl i EcoR I EcoRI
(Pstl) (Pstl)
EcoRI EcoRI
P stl P stl P stl P stl
Ligation
M.avium/Pstf
P stl P stl
Clone A,gtlO Mav/ww/PM
Fig 12. Preparation of bacteriophage A-gtIO and strategy of the cloning of the MMvium 
fragments MH21 and NF38 digested with Pstl.
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The titre of both libraries was determined, the total size of the MH21 and NF38 libraries 
being 10® and 10? phage particles respectively. In order to obtain the positive clones 
required, these libraries were screened by hybridization of phage plaques using pLR20 as 
the probe. Serial dilutions from both libraries were plated out onto petri dishes.
Petri dishes containing between 100 and 300 plaques were selected and phage particles 
were transferred to a nylon membrane.
For the obtaining of positive clones, phage particles were hybridized to pLR20. Thus, 
four clones positively hybridizing to pLR20 were picked from the MH21 and NF38 
libraries respectively for a rescreen analysis.
In order to isolate and purify the eight positive clones, four subsequent screenings were 
carried out in which serial dilutions (up to lO" )^ of plaques from each clone were made 
and plated out (See Fig. 13). In each screening, from the 10"  ^dilution, an isolated plaque 
was picked for a further cycle. Following the fourth cycle, DNA from the positive clones 
was extracted, purified and digested with Pstl. In order to confirm the presence of inserts 
of appropriate size, 3.7 Kb (pLR20') and 1.7 Kb (pLR20), the digested DNA from the 
positive clones was hybridized with pLR20. See figure 14.
Thus, the presence of the 3.7 and 1.7 Kb fragments was confirmed in every positive clone 
from both libraries. The presence of multiple bands hybridizing to pLR20 is probably due 
to partial Pstl digestion of the XgtlO/Mavium clones. It is unlikely that additional pLR20 
fragments were cloned into the vector due to packaging restrictions (See above). In tracks 
4 and 5, the pattern of the bands is substantially different to the pattern of the other 
clones from the same library which could be due to an internal rearrangement of lambda 
clones caused by a deficiency of the méthylation of the vector ÀgtlO carried out before 
the cloning of M.avium fragments.
109
Results and discussion
Finally, the inserts 1.7 Kb (from pLR20) and 3.7 Kb (from pLR20') from the selected 
clones of both libraries were excised with EcoRI for recloning in pUC18 and M l3 and 
subsequent sequencing.
I
Fig 13. Second screening of genomic libraries ^gtlO using pLR20 as the probe.
4: 10"4 serial dilution of a positive plaque from AgtlO/ NF38 library.
1, 2 and 3: 10"% ,10"  ^ and 10“^  serial dilution of a positive plaque from A.gtlO/MH21 
library.
Serial dilutions from both libraries were separately made to obtain individual phage particles which facilitates 
its later isolation. Plaques were transferred to a nylon membrane and hybridized with pLR20 for the 
detection of the positive clones (MH21 and NF38) carrying pLR20 and pLR20' which were subsequently 
screened four times. In the autoradiography, the positive clones strongly hybridizing to pLR20 (black dots) 
can be seen.
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Fig 14. Hybridization of the clones A,gtlO/Mav/wm MH21 and NF38/E5ri with pLR20.
1: Total DNA from M.avium MH21 digested with Pstl (positive control)
2 to 5: positive clones from library AgtlO/Movm/w MH21
6, 7: negative clones from library A.gtlO/Mov/M/w MH21 (negative control)
8: Total DNA from M.avium NF38 digested with Pstl (positive control)
9 to 12: positive clones from library X^\OIM.avitmi NF38
13, 14: negative clones from library AgtlO/Mov/um NF38 (negative control)
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8.3.2 Subcloning oj ÀgtlO/M.avium MH21 and NF38/PstIintopUC18 and M13 
The inserts from A,gtlO/Mav/w/n MH21 and NF38 libraries were recloned into a 
plasmid vector to make sequencing easier. EcoRI digestion of A,gtlO clones was used in 
preference to Pstl to avoid generating large number of small lambda fragments from the 
digestion of the arms of the XgtlO (there are 28 restriction sites for Pstl on A,gtlO). 
Besides, the EcoRI site is unique within XgtlO which facilitates the release of the 
mycobacterial fragments from A.gtlO and subsequently the subcloning of these inserts 
into pUCl 8. The strategy of the recloning carried out is summarized in figure 15.
P stl P stl P stl P stl
EcoFU EcoRI
EcoRI
EcoRI
P stl
i '
P stl
EcoRI r 1 EcoRI EcoRI iSliiPc
EcoRI
EcoRI 
EcoRI 
P stl  P stl
1 EcoRI
Clone p U C lS /Mûrv/M/n IVfEI21/EcoRI Clone pUC18/Mov/M/n NF38/EcoRI 
(MH216)
EcoRI
EcoRI EcoRI
EcoRI
(NF3882)
P stl
__ I
EcoRI
(NF3881)
Fig 15. Subcloning of A,gt 10/Mav/wm MH21 and NF38/EM into pUC18 and M13.
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The ^gtlO clones containing the original MH21 and NF38 Pstl cut fragments were 
digested with EcoRI which allowed the release of the inserts. The DNA from these 
inserts was ligated into the EcoRI site of the E.coli vector pUC18 by standard methods. 
DNA from the ligation mixture was used to transform E.coli strain DH5a (amp® lac"). 
Transformation and insertion of DNA were monitored by culture on medium containing 
ampicillin and the chromogenic substrate 5-bromo-4-chloro-3-indolyl-P-D-galactoside 
(X-gal). Bacteria carrying recombinant plasmids were unable to utilise the chromogenic 
substrate and formed white colonies. Minipreparations of plasmid DNA were performed 
and clones were characterized by analysis of restriction fragments generated by EcoRI 
endonuclease and subsequent Southern hybridization of the digested pUClS clones with 
pLR20.
Figure 16 shows the hybridization of the relevant inserts with pLR20. The vector 
fragment (pUC18) also hybridizes to pLR20 probably due to contamination of the pLR20 
probe with pUC since the pLR20 probe originates from the digestion of pJC70 which 
contains pLR20 ligated into the EcoRI site of pUClS.
The pUC18/Mav/ww NF38 clone, instead of producing an expected single fragment of
3.7 Kb, gave two fragments, designated NF3881 (1.8 Kb) and NF3882 (1.9 Kb), owing to 
the presence of an unique internal EcoRI site vrithin IS lllO  (See Fig. 16). The 
pUQ\%IM.avitim MH21 clone gave a single expected fragment of 1.7 Kb which was 
designated as MH216. 1 proceeded to the construction of three new libraries containing 
the NF3881, NF3882 and MH216 fragments digested with Sau3A into the bacteriophage 
M13, for its sequencing in parallel to the sequencing of pUC18 positive clones.
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Fig 16. Hybridization of pUC18/ M.avium MH21 and NF38 clones with pLR20.
1, 2: Positive clones from library pUC18/ M.avium MH21 (MH216, 1.7 Kb)
3: Positive clone from library pUC18/ M.avium NF38 (NF3881, 1.8 Kb)
4: Positive clone from library pUC18/Mav/wm NF38 (NF3882, 1.9 Kb)
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8.4 Sequencing of IS lllO
The pUC18 clones MH216, NF3881 and NF3882 were individually sequenced to 
their completeness in both directions by means of dideoxy chain-termination (Sambrook 
et a/.,1989) utilizing the Sequenase version 2.0 kit (US Biochemicals). In figure 17 a 
sequencing gel with the DNA sequence from NF38 clone containing ISI 110 is shown.
It was necessary to synthesise 20 different primers located along the DNA of the clone to 
be sequenced in order to obtain the complete sequences of the different inserts.
Figure 18 shows the strategy of sequencing: Initially, 'universal' primers commercially 
available were used. Subsequently, DNA sequencing primers were synthesized using an 
automated DNA oligonucleotide synthesizer 381A (Applied Biosystems). The primers 
were designed along the DNA strand of the clones involved using derived sequences 
from the previously obtained sequences until the completion of the sequencing of each 
clone. This strategy was supplemented using Ml 3 subclones. The sequences were 
determined by overlapping of individual readings of both DNA strands in both directions. 
The join between NF3881 and NF3882 was subsequently confirmed by sequence analysis 
of a full-length plasmid clone (assignated as pUS34). This clone originated following the 
cut failure of the internal EcoRI site within ÎS1110 of the A.gtlO/NF38 clone when 
digested with EcoRI prior subcloning of this insert into pUClS. Therefore, pUS34 
plasmid clone consist of 3.7 kb long insert containing the full-length XSlllO  as well as 
flanking sequence (2.3 Kb) cloned into pUC18.
Sequence analysis of clones was performed using the software programs 'Microgenie' and 
'Staden-Plus software'.
The insertion site o flS lllO  was determined by comparison of the corresponding regions 
of pLR20 from clones, MH216 (derived from pLR20), NF3881 and NF3882 (derived 
from pLR20'). See figure 18.
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ma3 ma4 ma5
GATC GATCGATC GATC GATC GATC
Fig 17. Sequencing gel of the NF3882 clone using primers ma3, ma4 and ma5 
respectively.
1 : Short runs 
2: Long runs
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Fig 18. Strategy of the sequencing of the clones MH216, NF3881 and NF3882.
The sequence of MH216 clone was obtained using the same sequencing primers designed 
for NF3882 and NF3881. The latter clone surprisely disclosed the presence of two Pstl 
fragments (635 bp and 1207 bp) ligated together into pUC18 instead of an expected 
unique Pstl fragment possibly due to partial Pstl digestion of M. avium NF38 prior its 
cloning into the arms of XgtlO. Comparison of the sequences derived from MH216, 
NF3882 and NF3881 confirms the presence of a DNA insert of 1457 base pairs in pUS34, 
with an apparent duplication of a 5 bp target sequence TCCTT at position 847-851 and 
2309-2313 that define the insertion site of ISI 110. The full sequence of the insert in 
pUS34 containing IS lllO  and flanking region is illustrated in Fig. 19.
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N73882 -»
E c o R I  P s t l
GAA.TTCCTGCAGCGCTTC6CGAAGCTCTSTTCCAAGGTGTGCTTGGCTGCGGGGGTAARCGGGATGTGCCCGftAGGCTGGGT6CTCTCCS 90 
CTTAAGGACGTCGCGAAGCGCTTCGAGACAAGGTTCCACACGAACCGACGCCCCCATTTGCCCTACACGGGCTTCCGACCCACGAGAGGC
CGGCCGATGGTGTTCTCGACGGCGCTGCGCGTCCTCCAACGTGATACCGAACGTTTGAAGTGACTGCGCGGCTACGCCGTCGGTTTCGTG 1 8 0  
GCCG6CTACCACAAGAGCTGCCGCGACGCGCAGGAGGTTGCACTATGGCTTGCAAACTTCACTGACGCGCCGATGCGGCAGCCAAAGCAC
GATGAGCCCGAGTAGGAAGTGCTCGGTGCCGATGTAGTCGTGGTTGAGCATCCGCGCCTCTTCTTGTGCCCACACGACGGCCCGGCGGCG 2 7 0  
CTACTCGGGCTCATCCTTCACGAGCCACGGCTACATCAGCACCAACTCGTAGGCGCGGAGAAGAACACGGGTGTGCTGCCGGGCCGCCGC
ATGGGCCGGAAATCTCCTCGAACATCATTGCCCCTTCTCACGGCCGGAAATGCCGTCGCG6CCGCCATTATGGGCTGCCGTGATCCTCGT 3 6 0  
TACCCGGCCTTTAGAGGAGCTTGTAGTAAGGGGGAAGAGTGCCGGCCTTTACGGCAGCGCCGGCGGTAATACCCGACGGCACTAGGAGCA
CGCCAGCTGAGAACATTTGCGTGAATCGGGCGGAGGTTAGCTTTGAAGTCGCGGTAGGCGGCGCGGCGCTCCTCGTCGGTGGCGTAGTCG 4 5 0  
GCGGTCGACTCTTGTAAAGGCACTTAGCCCGCCTCCAATCGAAACTTCAGCGCCATCCGCCGCGCCGCGAGGAGCAGCCACCGCATCAGC
TCGCCGTAGCGGTCAAGCCAGGCTTGCCAGTGCTCGGCTGCATTCATACAGCTCACGGTAGGACCAGCATGTGACATCTTTATGGGGTTT 5 4 0  
AGCGGCATGGCCAGTTGGGTGCGAACGGTCAGGAGCCGACGTAAGTATGTCGAGTGGGATCCTGGTCGTACACTGTAGAAATAGCCGA7\A
TGACGACGAGCGAGGTTGTGAAGTGATGTAGGGAGGGTGATAAGGGACGAC6AGTGAGGGTGATGGGGCTGTGTTGATAGCTGGTGGGGG 6 3 0  
ACTGCTGGTCGGTGGAACACTTGACTAGATGGCTGCCAGTATTGCCTGCTGGTCAGTGGCAGTAGGGGGACACAACTATGGAGCACGGGC
ATGAGAGTGCGTAGGACGGGGGAGACGGGTAGGGGAGGTTGTTCAGCGGTGGGGCGTACGCGGGCGATTTCCTGCTGGGTAAGCGGGAGA 7 2 0  
TAGTCTGACGCATGCTGGGGGGTGTGGGGATGGGGTGCAAGAAGTGGGGAGCGCGGATGGGGGCGGTAAAGGAGGAGCCATTGGGGGTGT
GTGAGGATTGCGGGCTTGTCAGGGTTGGGGTGAGTGGGGGGGGGGGCGGTGTAGTCGGAGCTGTGGAGGTGTTCCAGGTGGGGGGGGTGG 8 1 0  
CAGTCGTAACGCCGGAACAGTGGGAAGGGCACTGAGGGGGCGCGCCGGGAGATGAGGCTGGAGAGGTGGAGAAGGTGGAGGGCCCGGAGG
ISlllO  - »
TTGAGGAGATCGTTGAGTTCGGTGGTCATTGGTGGGICCTTAAGTTCGTAGGIGCAGTTACTICgTgTTGTTACGJTSIEGCTGIGACCCC 9 0 0  
AAGTCCTGTAGGAACTCAAGCGACGAGTAACGAGGGAGGAATrCAAGCATCCACGTCAATGAAGCACAACAATGCAACACGACACTQGGG
GGGTGGGGCGGGIGAGGCSGCATCGCICISGCCGGCCTGAO’GGIGCGGCTTGAAAGGACICOCCGCCCGGCSGCCTGGACTXCXCSGGCCG 9 9 0  
CCCACCCCGCCCACICCGACGXAGCGAGAACGGCCGGACTACCACGCCaAACIITCCSGACGGCGGGCCGACGGACCIGAAGAGACCGGC
M L A G L S V G N M V D D K R I G  
CXGAXXGAGAXCTGC6ASCXGCICGCTTGIITAAGGAAAIGCI66CG6GGIIGXCCGXG66GAACAXGGX6GAC6ACAAGCGAATA6GA6 1 0 8 0  
GACXAACXCIAGACGCXCGACGAGCGAACAAAXXCCIIIACGACCGCCCCAACAGGCACCCCITGTACCSCCIGCSGTXCGCXXATCCTC
G S M E A D Q L W A G A D V G K E H H W V C V V D D K G T A  
GITCGATG6AGGC6GACCAGIIGI6G6CI6GT6CGGASGIC6GCAAGGAGCACCATX6G6XCSGCGXI6SCGACGACAAGGGCACCGCG6 1 1 7 0  
CAAGCXACCXCCGCCXGGXCAACACCCGACCACGCCXACAGCC6XXCCXCGXGGXAACCCAGACGCAACA6CX6CXGXXCCCGXGGCGCC
V L S R K L T N D E Q P I R E L I D E I D A L G G D V S W T  
XGXXGXCGCGCAAGCXCACCAACGAXGAACAACCGAXCCGAGAACXCAXCGAXGAAAXC6AC6CXCXGGGCX6CGACGXGXCCXGGAC6G 1 2 6 0  
ACAACAGCGCGXXCGA6XG6XX6CXACXXGXXGGCTA6GGXCXXGA6XAGCXACXXXAGCXGCGAGACCCGACGCXGCACA6GACCXGCC
V D L T T V Y A S L L L T V L A D A G K S V R Y L T G R A V  
XGGAXXX6ACCACGGXGXACGCCAGCXX6CXGXXGACGGX6CXC6CCGAXGCXGGCAAGXCGGX6G6GXAXCXGACCGGCCGX6CXGXCT 1 3 5 0  
ACCXAAACXGGXGCCACAXGCGGXCGAACGACAACXGCCACGAGCGGCXACGACCGXXCAGCCACGCCAXAaACXGGCCGGCACGACAGA
W Q A S V T Y R G G E A K T D A K D A R V I A D Q S R M R G  
G6CAGGCXXCGGXGACCXACCGCGGXGGGGAAGCCAAGACCGAXGCCAAGGACGCACGGGXGAXC6GXGAXCAGXCGAGGAXGGGX6GXG 1 4 4 0  
CC6XCCGAA6CCACX6GAX6GCGCCACCCCXXCGGXXCXGGCXACGGXXCCX6CGXGCCCACXAGCGACXAGTCA6CXCCXACGCACCAC
A D L P V L H P D D D L I T E L R M L T A H R A D L V A D R  
CXGAXCXGCCGGXGCXGCAXCCCGACGACGAXXXGAXCACCGAACXGCGGAX6CXCACCGCGCAXCGCGCCGAXCX6GXCGCX6AXCGCA 1 5 3 0  
GACXAGACGGCCACGAC6XAGG6CXGCXGCXAAACXAGXGGCXXGAC6CCXACGAGXGGCGCGXAGCGCGGCXAGACCAGCGACXAGCGX
T R T I N R L R H Q L I A V C P A L E R V A Q L T Q D R G W  
CCCGCACCAXCAACCGGCXGCGCCACCAACXCAXCGCCGXAXGCCCGGCAXTGGAACGCGIXGCCCAACXGACCCAGGACCGCGGCXaGG 1 6 2 0  
G6GC6XGGXA6IXGGCCGACGCG6X6GXX6AGXA6CGGCAXAC6GGCCGXAACCXXGC6CAAC66GXX6ACX6GGXCCXG6C6CCGACCC
V V L L T R Y Q R P K A I R H S G V S R L T K M L G D A G V  
XGGX6CXGCXCACGCGGIAXCAACGACCGAAAGCCAXXC6CCACA6CGGXGXCXC6CGCCXGACGAAGAX6CXCGGCGACGCCGGCGX6C 1 7 1 0  
ACCACGACGAGX6CGCCAXAGXXGCXGGCXXXC6GXAAGC6GXGXC6CCACAGAGCGCGGACXGCXXCXACGAGCCGGXGCGGCC6CACG
R N A A T I A A A A V T A A K S Q T V R L P G E D V A A G L  
GCAAXGCGGCCACGAXCGCCGCCGCGGCGGXAACGGCXGCCAAAXCGCAGACGGXGCGCCXGCCCGGCGAAGACGXCGCCGCCGGACXCG 1 8 0 0  
CGXTACGCCGGXGCXAGCGGC6GCGCCGCCAXXGCCGACGGIXXA6CGXCXGCCACGCGGACGGGCCGCXXCXGCAGCGGCG6CCXGAGC
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V A D L A G E V A A L D D R I K S T D A D I E D R F R R H P  
XCGCCGACCXG6CC6(366A6ST6GITGCCCXCGAX6ACCGCAICAAAXCCACCSAC6CCGACATCGA6GACCGAXXXCSCCGCCaTCCCG 1 8 9 0  
A6C6GCX6GACCGGCCCCXCCACCAACGGGA6CXACXGGCGXAGXXXAGGX6GCXGCG6CXGXAGCXCCX66CXAA2VSCG6CGGXA6GGC
A A E V I T S L P G M G F R L G A E F L A A V G D P T L I G
E c o R I
CAGCCGAAGXGAXCACCA6CCIGCCCGGCAXGGGXXXCCGACICGGCGC6GAAXXCCXCGCCGCCGXCGGCGAXCCCACCCXGAXCGGCX 1 9 8 0  
GXC66CXXCACXAGX66XCGGACGGGCC6XACCCAAAG6CX6AGCC6CGCCXXAAGGAGCGGCGGCAGGC6CXAGGGXGGGACXAGCCGA
<- NF3882 NP3881-^
S A D Q L A A W A G L A P V S R D S G K R T G R L H T P K R  
CX6CCGACCAACXCGCC6CCXG66CCGGACXGGCCCCGGXCXCGCGC6ACICCGGAAAAC6CACC6GGCGCCIGCACAC6CCCAA6CGCX 2 0 7 0  
6AC6GCXGGXXGAGCGGCGGACCG6GCCXGACCGGGGCCA6A6CGCGCX6A6GCCXXXXGCGXG6CCCGCGGACGXGX6CGGGXXC6CGA
Y S R R L R R V M Y M S A L T A I R C D P H S K A Y Y Q R K  
ACAGCCGACGGCX6C6CC6G6XGAXGXACAX6XCCGCCCXGACC6CGAXCCGCXGCGACCCGCACXCCAAGGCCXACXACCAGCGCAAAC 2 1 6 0  
XGXCGGCXGCCGACGCGGCCCACXACAXGXACAGGCGGGACXGGCGCXAGGCGACGCXGGGCGXGAGGXXCCGGAXGAXGGXCGCGXXXG
R T N V L Y A L I R D N R T  
R D E G K R P I P A T L C L A R R V P T S F T P S S V T T A  
GAGACGAAGGAAAACGACCGAXCCCGGCCACCCXCXGCCXGGCGCGACGCGXACCAACGXCCXXXACGCCCXCAXCCGXGACAACCGCAC 2 2 5 0  
CXCXGCXXCCXXXXGCX6GCXAGGGCCGGXGGGAGACGGACCGC6CXGCGCAXGGXXGCAGGAAAXGC6GGAGXAG6CACXGXXGGCGXG
W Q P E S P P I T K S A A *  ISlllO
P G N P N H P R S  P S R R L D I  F I E S  P F A I Y A L V S G  
CTgGCAACCCQAAXCACCCCCGAXCACCAAGXCGGCGGCIXGACAXCXXCAXIGAGAGICCXITCGCGATATATGCGXTGgTCAGTGGGG 2 3 4 0  
GACCGIXGGGCXXAGXGGGGGCXAGTGGIXCAGCCGCCGAACXGXAGAAGXAACXCXCAGGAAAGCGCTATATACGCAACCAGTCACCCC
* G R D G L R R S S M K M  < - ' 0 R F 2 '
V G G P A V G A I V L A V V V D D D D D K K A F G G R *  
TTGGCGGGCCAGCAGTTGGCGCCATAGTGCTGGCCGTGGTGGTCGACGACGATGACGACAAGAAGGCGTTCGGCGGTCGGT6AGTAGCCG 2 4 3 0  
AACCGCCCGGTCGTCAACCGCGGTATCACGACCGGCACCACCAGCTGCTGCTACTGCTGTTCTTCCGCAAGCCGCCAGCCACTCATCGGC
ATGAACCGGCTGCTTTTGCCCGAGCGGCTCTTGGGGTCAGGGATGJ\ACGCCACGACGTCGGGATCGTCCAGGGCCTCGGCTGCCATCGCC 2 5 2 0  
TACTTGGCCGACGAAAACGGGCTCGCCGAGAACCCCAGTCCCTACTTGCGGTGCTGCAGCCCTAGCAGGTCCCGGAGCCGACGGTAGCGG
ACGGTGGTCTGATGGTGGTCCCACATGTGGGTTACCGCGTCGGGTGGCCAGATCATCTCGGACACCCCCTTAGTGTATGACATATGTAGG 2 6 1 0  
TGGCACCAGACTACCACCAGGGTGTACACCCAATGGCGCAGCCCACCGGTCTAGXAGAGCCTGTGGGGGAATCACATACTGTATACATCC
ACATGAGGCGTTTGCTTCCATAACCTCCGGCTTGTCCTTCCGTTCCCTGCCCTTCCTCGTACTGGCCGCTGTGTTTGTGCGTGAGGGCGG 2 7 0 0
t g t a c t c c g c a a a c g a a g g t a t t g g a g g c c g a a c a g g a a g g c a a g g g a c g g g a a g g a g c a t g a c c g g c g a c a c a t v a c a c g c a c t c c c g c c
TGGCTGTCAAGGCTCGACCT6GTCGATCGCGCAGCGGCGTGGCCTTGACAACCACCACCCTCACGTTCACCACAATGTGCGGACGATGGA 2 7 9 0  
ACCGACAGTTCCGAGCTGGACCAGCTAGCGCGTCGCCGCACCGGAACTGTTGGTGGTGGGAGTGCAAGTGGTGTTACACGCCTGCTACCT
AGGGGACGTCTTGGTGCAATGACGTAATTACGTCTTGACGGCCCAGGTGTGXAGGCGGGGACAGCCGCGCAGATCCACGTCTGGCCCCCA 2 8 8 0  
TGCCCTGCAGAACCACGTXACTGCATTAATGCAGAACTGCCGGGTCCACACATCCGCGCCTGTCGGCGCGTCTAGGTGCAGACCGGGGGT
GAACGC6CGGTAAGGCCGGGCCGGGTGCTATGGGAGGGGAGCGTAATTGGGTAATTGGGTTATTACGACATGGGGTGTTGAGGTAGTGGC 2 9 7 0  
GTTGCGGGGGATTCCGGCCCGGCGGAGGATAG6GTGCGGTGGGATTAAGGGATTAAGGGAATAATGCTGTAGCGGACAAGTGGATGAGGG
GTGATTACGTGGTGACGTATTGTTGGGCGGCATGGGCATAATTTCTGTGGTGGAGAGAAAGGGTGGGGTAGCCAAGAGGAGCACCGGGGT 3 0 6 0  
GAGTAATGCAGGAGTGGATAACAAGCGGCGGTAGGGGTATTATVAGAGAGGAGGTGTGTTTGGGAGCGCATCGGTTGTGCTGGTGGGGCGA
P s t l
ATAGGTCGGGACCGCTGGGCAGGGGGGGGGGATTGAGGTCGTGGTAATGGACGGCGACCGTGAAGGGTCAGCTGTGGAGTGGGCTGCAGG 3 1 5 0  
TATGGAGCGGTGGGGAGGGGTGGGGGCGCGGTAACTGGAGGAGGATTAGGTGCGGCTGGGAGTTCGGAGTGGAGACCTCACCCGACGTGG
GCAGCGAGGGCGCGGTGCTGGAGGAGGGCATCGAGACCGGGATCATGAAAGGGTTGCGGCACGGCGCGTAGATGGAGCTGCAGGAGGGGG 3 2 4 0  
CGTCGGTGGCGCGCCACGAGCTGGTGCGGTAGCTGTGGGCGTAGTAGTTTGGGAAGGGCGTGCGGGGGATGTAGCTCGAGGTGGTCGGGG
TGGGGCCGGTGGACGAGCACGGTGAGCGGCTGCCGCTGGAGTACCAGGGCGCAGCGGTGGGGAAGAAGATGAACAAGCTGGGGTCGCGGG 3 3 3 0  
ACGCGGGCCAGGTGCTCGTGCGAGTGGGCGACGGCGACGTGATGGTCCCGCGTGGCGAGGGGTTGTTCTACTTGTTCGAGGGGAGCGCGG
GTGGCGGGGCATCGGGAGCTTCCTGTACGGCGATGGGCTGGGAGGAGCTGGCTGGGGAGGCGCGAGGGCTCGGAGGAGCGTGGCCTGACG 3 4 2 0  
GAGCGGGGCGTAGCCGTGGAAGGAGATGCGGCTAGGCGAGGGTCCTCGACCGAGGGGTGGGCGGTGCGGAGGGTGGTGGCAGGGGAGTGG
GCCGTGGGCGAACATCAGGAGAGGATCGTGGGCTGGAGGAAGGGCTCGAGGAAGGGCGAGGACGGCGAGCAGTAGGGACGCGAGAGCGGG 3 5 1 0  
CGGGAGGGGGTTGTAGTGCTGTGGTAGCAGCCGAGGTGGTTGGCGAGGTGGTTGCGGCTCCTGCCGGTCGTGATGGCTGGGGTGTGGCGG
GTGAGGGGCCGGTGAGGGTGAGGGACGCTGTCGAGGCGTTGTTGCTCGGCGGCCGGGAGGATGGAGGGGGGCGTCAGGAACGGGGGCTTG 3 6 0 0  
GACTGCGGGGCCACTCGGAGTCCCTGCGACAGCTGGGCAACAACGAGGGGCCGGGGGTCCTAGCTGGGGGGGGAGTCCTTGCGGGCGAAG
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CGGGTCGCGGGGCTCGACAGGCAGCCCGCGTGCGCAGCGCAGCACCATCGCCAGCGCGCTGTAGGTGGCGTACGGGATGATCAGCAGGTT 3 6 9 0  
GGGGAGGGCCCCGAGCTGTGCGTGGGGCGCACGCGTGGGGTGGTGGTAGCGGTCGCGCGAGATGGAGCGCATGCGGTAGTAGTGGTCGAA
P s t l  E c o R I
KaTnr.Gr.GGGTr.Tr.Cr.r-.C.GaTG&Gr.GTGRTr.ACGTGr-.TGGGGGTTGGGTTGGGRGCCCGGCCAGTTGAAGTCCGGCGGTCGGTGGAGGAATTC 3 7 8 3  
CTAGGGGGGCAGAGGGGGGTAGTGGGAGTAGTGCACGAGGGCGAACGGAAGGGTCGGGCGGGTGAACTTCAGGCCGCCAGGGAGGTGGTTAAG
*- NF3881
Fig 19. Complete DNA sequence of the insert in pUS34 plasmid clone.
DNA sequence of the insert in pUS34 consists of NF3882 and NF3881 clones joined together at an internal EcoRI site 
(position 1941). NF3882 and NF3881 clones share the sequence of ISliiO  (in bold). The underlined sequence is virtually 
identical to the DNA sequence of MH216, enabling the boundaries of ISlIlO and the insertion site to be defined at 
positions 847-851 and 2309-2313. The amino acid sequences shown are those of the predicted transposase, together with 
that of the frameshifted region for comparison, and the truncated 0RF2 on the complementary strand. The overlapping 
stop/start codons in the complementary strand of the host sequence are at positions 836-839.
When this inserted sequence was compared to the EMBL databank, similarity of approximately 60% 
was detected with each of the following elements: 1S900 from M.paratuberculosis (Green et a l, 
1989), \S901l\S902 from M.avium (Kunze et a l, 1991; Moss et a l, 1992), and 1S116 from 
Steptomyces clavuligerus (Leskiw et a l, 1990).
Table 4. DNA sequence comparisons and amino acid sequence comparisons of the ORFs (in 
brackets) between ISlllO , IS901,1S900,1S116, ISllO  and IS il7 .
ISll lO
1S901 58% (40%)
1S90O 62% (44%)
ISI16 59% (41%)
ISllO 54% (36%)
1S117 52% (34%)
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Figure 20 shows the significant DNA sequence homologies between IS lllO  and 1S901, 
ÏS900 and IS i 7 6 obtained by CLUSTAL alignment of them.
ISlllO IS 901 IS900 ISllO
GTCCTTAAGTTCGTAGGTGCAGTTACTTCGTGTTGTTACGTTGTGCTGTGAC CCCGG
TTCCTTAGGGTTGAAGGGG------------ TCTGGGATTG-------- GATGTCCTG-GA— TGCCCAG
-TCCTTACCTTTCTTGAAG— GGTGTTCGGGGCCGTCGC-TTAGGCTTCGAATTGCCCAG
-TCCCTAAGAATGTGAG-GCGGT-----------------------------------------------------------------------CCGG*** ** * ** *
ISlllOIS901IS900ISllO
GTGGGGCGGGTGAGGCTGCATCGCT-CTTGCCG-GCCTGATGGTGCGGCTTGAAAGGACT 
GACGGTGGGGTGTGGCT— AATGTG— TTGTTGCAACGGTTGTTGC— TTGAAAGGAATG
GGACGTCGGGTATGGCTTTCATGTGG-TTGCTGTGTTGGATGGC-CGA AGGAGATTG
GAGGACCGGGTGTGGCTG-ATGGTGGTTTGCCA TTGATGGC TCCAGGAGAATG* *★★★ **** * *** * ** *■
ISlllOIS901IS900ISllO
GCCGCCC-GGCTGCCTGGACTTCTCTGGCCGCTGATTGAGATCTG-CG------ATCTGCT—
GCCGCCCTGCCGTTTTGGACGGTCCTGGCCACTGATTGAGATCTGACGCGTACTCGATGA
GCCGCCC-GCGGTCCCGCGACGACTCGACCGCTAATTGAGAGATG-CG------ATTGGAT—
GCCGCCC-GGTCCTCCGGGATGCTCCGACTGCTGATTGAGAACTG-CG------GTCA— T—******* * * _ * * ** ******* ** ** *
ISlllOIS90118900ISllO
CGCTTGTTTAAGGAAATGCTGGCGGGGTTGTCCGTGGGGAAC------ATGGTGG— ACGACA
CGCTGCTCTAAGGACCTGTTGGCGGGGTTGTCCGCGGG------------------------- GACTGCGACG
CGCT-GTGTAAGGACACGTCGGCGTGGTCGTCTGCTGG-------------------GTTGATCTGGACA
CGCTGGTT-AGGGACCTGTCGGCGGGGTGTTCTCCGGGCCACGGAATGCTGGTCACGGTG 
* * * *  *  *  * * *  *  * * * *  * * *  * *  * *  *  *
ISlllOIS901IS900ISllO
AGCGAATAGGA-GGTTCGATGGAG GCGG ACCAGTTGTGGGCTGGTGCGGATGT
ACAGGA- GTAGCGGTATGGCCGAA---------------CCCGACCGAGTGTGG6TGGGTATCGACGT
AT— GACG GTTACGGAGGTGGTTGTGGCACAACCTGTC-TGGGCGGGCGTGGACGC
GTGGAACGGAGCGAGGCGGTTGAGCACGCGGCATGATCGGATATGGGTCGGCATCGACGC *  ^ * * * * * * * * *  * *  **  *
ISlllO IS 901 IS900 ISllO
CGGCAAGGAGCACCATTGGGTCTGCGTTGTCGACGACAAGGGCACCGCGGTGTTGTCGCG 
CGGTAAGTCCACTCATCATGCGTGCGCGATGGATGACACCGGAAAGGTGGTGTGGTCGAA 
CGGTAAGGGGGAGGATTAGTGCATGGTTATTAAGGAGGAGGGGCAGGGATTGGTGTGGGA 
AGGCAAGGGGGATGACTGGGCGGTGGGGGTCGACGGCGAGGGGGAGAGGTTGTTCTGGAC 
* *  * * ★  *  *  *  *  *  *  *  *  * *  * * *
ISlllOIS901IS900ISllO
CAAGGTGAGCAACGATGAAGAAGGGATCCGAGAACTGATGGATGAAATGGAGGGTGTGGG
GAAAATGGGGAAGGAAGAGGGGGGGATGGAAGACCTGATGGCGGAGGGCGGGGGGATTGG
GCGGGTGGCCAAGGACGAGG------------------------------------------------------------ GGGCG— CTGC-
GAAGGTGATCAACGAGGAGGGGGAGGTCGTCACGGTGATGGAGACGGGGCGGGA GGG
ISlllOIS901IS900ISllO
CTGCGAGGTGTGGTGGACGGTGGATTTGAGCACGGTGTACGCGAGC-TTGGTGTTGACGG
TAAGCAGGTGGTGTGGGGGATGGATTTGACGTGGG-GCGGGCGGCGGGTGGTGATGGCCG
--------------------------- TGGACAACG--------------GGG-GCGG— GGCCGCG-TTGCTGATCGCCT
TGAAGAGGTGGGGTGGGCGGTGGAGATGTGCGGGCGGGGGTCGAGG-CTGGTGCTGGGGG 
* * *  *  * *  *  *  *  * * * * *  *  *
ISlllOIS901IS900ISllO
TGCTGGGGGAT-GGTGGCAAGTGGGTGCGGTATCTGACCGGCGGTGGTGTGTGGCAGGCT
TACT-GGTGAGGGGGAAAGCCGAGGTGGTGTATGTGCCGGGCCGCAGGGTTAAGAGGATG
TGCTGATCGGTGGGGGGCAG-GGGGTGGTTTATATTCCCGGGCGGAGGGTGGATGAGGCG
TGCTGGTCGGGCAGGGGCAGAAGGTCGTG-TAGGTGGGGGGCCGCAGGGTGAAGGGGATG
*  *  *  * *  *  *  *
ISlllOIS901IS900ISllO
TGGGTGAGGTAGGGGGGTGGGGAAGCGAAGAGGGATGGGAAGGAGGGACGGGTGATCGCT
AGTCATGGGTTCGGGGGGGAAGG GAAGAGGGAGGGCAAAGAGGGGGGGGTAATCGCC
GCGGGTAGTTAGCGCGGCGAAGG GAAGAGCGAGGGGAAAGAGGGTGGGATGATGGCC
TCCGGGGCTTAGAAGGGCGAGGGA AAGAGCGACGCGAAGGAGGCGCGGGTCATGGGG
*  *  *  *  *  *  * * * * * * * *  *  *  *  *  * * * * *  *  *  * * * * *
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ISlllOIS901IS900IS1I6
ISlllOIS901
XS900ISllO
ISlllO IS 901 IS900 ISllO
ISlllOIS90IIS900ISllO
ISlllO18901IS900ISllO
ISlllOIS90118900ISllO
ISlllO IS 901 IS900 ISllO
ISlllO IS901 IS 900 ISllO
ISlllO IS901 IS 900 ISllO
ISlllOIS901
IS900ISllO
ISlllO IS 901 IS900 ISllO
GATCAGTCGAGGATGCGTGGTGCTGATCTGCCGGTGCTGCATCCCGACGACGATTTGA.TC
GAAACCGCTCGG CACCGACGAGATCTGTCCCCGGTCGTACCCGGCGAAGACCTGGTT
GATCAGGCCCGGATGCGCCA CGACTTGCAGCCTCTGCGCGCCGGCGATGACATCGCA
GACCAGGCCCGGATGCGCCGGG— ACTTCGCCC-CGCTGGACAGGCCCCCCGAGCTGGTC 
* *  . * *  *   . . .  . * . .  . .  * .  . . .  * *  * . . .
ACCGAACTGCGGATGCTCACCGCGCATCGCGCCGATCTGGTCGCTGATCGCACCCGCACC 
GCCGAATTGCGGTCGCTGACCGCATACCGGTCGGATCTGATGGCTGACTGGGTGCGAGGC 
GTCGAGCTGCGCATCCTGACCAGCCGACGTTCCGATCTGGTGGCTGATCGGACCCGGGCG 
ACTACGCTCCGCCTGCTGACGAACCACCGGGCCGACCTGATCGCCGACCGGGTCCGGCTG 
 * , * *  . . * * . * * .  . .  * *  * . * * . ♦ * *  * * ★ , * *  . * *
ATC-AACCGGCTGCGCCACCAACTCATCGCCGTATGCCCGGCATTGGAACGCGTTGCCCA 
GT-GAACCGCGTGCGCTCGATGCTCACCGCCATCTTCCCTGCTCTGGAA-GCTGCGTTCG 
ATCGAACCGAATGCGCGCCCAGCT-GCTGGAATACTTTCGGCGCTGGAAGGCGCC-TTCG 
ATC-AAGGGGGTGGGGGACCTGCTGAGGGGGATGTGCGCGGCCCTGGAGCGGGGG-TTGG 
. *  * * * * *  * * * * *  . .  .* *  . . . *  . . *  . . . * . * *  . * * * * ,  *  * .
AGTGAGCCAGGACCGCGG-GTGGGTGGTGGTGGTCACGCGGTAT-GAAGGAGGGAAAGCC
ACTAGTGGA GGGGCGCGGCGTTGATGGTGGT-ATGCGCTATGTGCACTGGGGGGGAA
ACTAGAACAAGAGCGGTGCCGCGCTGATCGTGGTTAGTGGGTAC-CAAACTGGGGAGGGG 
AGTAGTCCGCGGGGAAGGGGGGGGTCGTGATGCTGAGGGAGTAT-CAGACCGGCGCGGGC 
* * * . .  . *  * . . *  * .  * . . * * . *  * .  . * *   **  .
ATTGGGGACAGCGGTGTGTGGCGCCTGACGAAGATGCTGGGGGAG GCCGGGGTGC
ATCGGGTCGGCAAAAAGAGGTGGCGTGATCAAGCACCTTGGGAAAAAGGGGGCATGGCGC
CTGGGCAGCGGGGGTGGGGGTCGAGTAGCCGGGT'rCTTGCGTAAA CGGAAGGCGC
CTGCGGCGGACCGGGGTGAAACGGCTGACGAGGTGGGTGGGAGGC GGGAAGGTGC***  * * . . . . *  .* * .
G-CAATGGGGCGAGGATGGGGGCGGGGGGGGTAAGGGCTGGCAAATGGGAGACGGTGCGC 
AACAACATGGACACGATGGGCGACAAGGGGGTGGGGGCGGCAGCAGGGCAGATAATGAGG 
G-CAAGGGCGATACGGTGGGAGGCACCGCGGTGCAGGGGGCTAACGCCCAACAGAGCATC 
G-GGAGGCCGACACCGTGGGGGCCAAGGCGATGGAGGGGGGCGGGAGCCAGCAGGTGGTG 
. * * * * , * . * .  . * . .  * . * *  **
GTGCGCGGGGAAGACGTCGGGGCGGGACTGGTCGCCGAGCTGGGGGGGGAGGTGGTTGGG 
CTTGGGGGCGAAGCCGGAACCGCGGCGCTCATGAAGCAACTCGGAGGAGGGCTGCTGGAC 
GTGGGGGGCCAAGAAGTGGCGGCCAGTGTGGTGGGCGGCCTGGGCAAGGAGGTGATGGGC 
GTGGGGGGGGAGAAGGGGGGCAGGAAGCTGGTCTGGGAGGTTGCTCACCAGGTGGTTGGG 
. * . * * * * * . . * .  . . * . . * *  . *  . * .  . . . * *  * *  . *  * .  * * . *
GTGGATGAGCGGATCAAATGCAGGGAGGGGGACATCGAGGACGGATTTGGGCGGGATGGG 
TTGGATGGGGAGATCAAGGACATGGATAAGGAAATCACCAACAAATTTCGTGAGCATGCC 
GTGGACACCGAAATCGGCGACACGGACGGGATGATGGAGGAGCGATTTGGCGGGCAGGGC 
GTGGAGGAGGGGATCAAGGACAACGACGGGGAGATGGGGGAGAGGTTCCGGAGCGACGAC * * *   ^ * * *   ^  ^  ^ _ * *  * * *  _  ^ * * *   ^  ^**  _ * *  _ *  ^ *
GGAGCCGAAGTGATGAGGAGGCTGCCCGGCATGGGTTTGGGAGTGGGGGCGGAATTGGTG 
AGGGCCGGGATCATCGAGTCGATGGGCGGCATGGGGCGACACGTGGGGGCTGAGTTGCTC 
CAGGGCGAAATCATGCTGAGCATGGCGGGATTCGGCGTCATCCTGGGGGGTGAGTTCCTC 
GGGGGCGAGATGATCGAGTGGATGGGGGGCATGGGTCGCGTGGTGGGGGCGGAGTTGGTG _ * * * *   ^ *  ^* * *   ^  ^  ^* * * * * * *  * _ * *  _ _ * *  * * * * *  * *   ^* * *   ^**
GCGGGGGTCGGGGAT— GGGAGGGTGAT-GGGGTCTGCCGACCAACTCGCCGGGTGGGGC 
GTAATCACCGGGGGGAACATGGGGGCGTTGAGGAACGGGGGCCGAGTGGCATCGTTGGGG 
GGCGCCACCGGGGGGGACATGGCCGCATTCGGGTCGGGGGAGGGGGTCGCGGGCGTGGCC
GGGATGGTCGGTGA CGTGTCCGGCTACAAGGACGCGGGGGGAGTGGGGTCGCACGCC*  ^  ^ * ** *  ^  * * . . * * .  * * , ***  * * . . * * . * * .  . . * * *
GGACTGGGCGGGGTGTGGCGCGACTCGGGAAAAGGGAGGGGGGGGGTGCAGACGCGCAAG 
GGATTGGTAGCGGTCGGAGGCGATXGGGGCCGTATCAGCGGGAATGTGGATCGGCGGAAG 
GGCCTGGGGGGGGTAGGAGGAGATTGGGGCGGCATGAGCGGAAACCTCAAACGGGGGGGA 
GGCCTGGCGGCGGTGGCCCGGGATTGGGGGGGGGGGAGCGGGAACTATCACCGGCCCGAG ** ** * * * * * * * * ** ***** ** * * * * ***
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ISlllO
IS901
IS900
IS116
ISlllO
IS901
IS900ISllO
ISlllO
IS901
IS90018110
ISlllOIS90113900ISllO
ISlllOIS901IS900ISllO
CGCTACAGCCSACGGCTGCGCCGGGTGATGTACATGTCCGCCCTGACCGCGATCCGCTGC 
CGCTACAACCGGCGCCTGCGCCGCGTGTTCTACCTCGCCGCCCT6TCCAGCCTCAAGATC 
CGCTACGACCGGCGCCTGCTGCGCGCCTGCTACCTGTCGGCCTTGGTCAGCATCCGCACC 
CGTTACAACCGGCGCCTGCGCTGGCTGTTCTACATGTCCGCCCAGACCGCGAT— GATGC 
 ^  ^  ^  ^  ^   ★** * , , * , * * * . . *  . *  , *  *
GACCCG-CACTCCA-AGGCCTACTACCAGCGCAAACGAGACGAAGGAAAACGACCGATCC 
GA— AGGTCCCTCGCGGGCTTTCTACGACCGCAAACGATCCGAGAACCATATCCACACCC 
GACCC— CTCCTCGGGCACCTACTACGACCGAAAACGCACCGAAGGAAAACGCCACACCC 
GGCCCGGCCCATCGCGGGACTACTACCTCAAGAAGCGAGGTGAAGGGCTGCTGCACACCC
CGGCCACCCTCTGCCTGGCGCGACG-CGTACCAACGTCCTTTACGCCCTCATCCGTGACA 
AGGCCCTGCTTGCCCTGGCACGCCGCCACGTCGACGTCCTGTGGGCACTGCTGCGCGACA 
AAGGGGTCCTCGCCCTGGCCCGCCGCCGCCTCAACGTCCTGTGGGCCATGCTGCGCGACC 
AGGGGCTGGTGTGCCTCGGGGGGGGAGGGGTCGAGGTGCTCTGGGGGATGGTGGGTGACA * * *  ^  ^  ^* * *  . * *  * *  *  ^* * * * * *  * * * *  ^ * * * * * *  _
AGGGGAGGTGGGAACCCGAATGACG---------------------------- CCCGAT-GAGGAAGTCGGGG-
ACAGAAGATGGGAACCCGAGCAAGGAACCGTGGCAGGTGGGTGACGGACTGAGGGGGCGT
ACGCTGTCTAGCAGGGGG------------------------------------------------- GAAG-GACTACGGCGGGG-
AGAG-GCTCTTGAGGGGGGCT— GG---------------------------- GGGGGT-CAC ACAGACG-
*  _ ,  * *  * * *  ^ * * *  *  * *
-------------- GGTTGAGATGTTGATTGAGA—
GGTGACCGCTTGACAGGCTCATTGAGA—
-------------- GCTTGACAAGGTGATTGAGAAT
-------------- GGT TGACACGATCATTGAGA-T******** *********
Fig 20. CLUSTAL alignment of DNA sequences from the insertion sequences: ISI 110, 
IS90I, IS900 and ISII6. The symbol (*) represents 100% homology between sequences; (.) 
represents a homology of 75%. The symbol (-) denotes gaps and deletions in each sequence as a result of 
expansion performed to facilitate the alignment of the sequences.
It was clear, therefore, that the inserted sequence, designated ISIII0 , is an element of the 
IS90O family, although the homology is not great enough to cause cross-hybridization 
under the stringent conditions routinely used in our laboratories. In common with the 
other members of the family, ISI 110 does not have inverted repeat ends. The presence of 
a directly repeated sequence flanking the insertion element is not a standard feature of 
this group of elements. However, current models for this family suggest that this is not 
strictly a target duplication but results from a match between one end of the IS and the 
sequence present at the target site.
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The similarity between these elements is most marked at their ends, and in the target 
sequences (Fig. 21). IS lllO  conforms to the consensus sequences described previously 
for this family of elements (Green et a/.,1989; Leskiw et al 1990; Kunze et a/., 1991; 
Moss et aL, 1992).
I S l l l O CATTGCTCCG TCCTT CATTGAGAG TCCTTT
I S  9 0 2 CATGATCAATT TCCTT pZM22 CATTGAGAT TCCTTT
CATTTACAGT TCCTT pZM25 CATTGAGAT TCCTTT
1 S 9 0 1 CATGCGCTGAT TCCTT PÜS410 CATTGAGAT TCCTTT
CATTGGTGGCT TCCTT pUS411 CATTGAGAT TCCGTT
1 S 1 1 6 CATGGTCGG TCCCT pIJ702 CATTGAGAT TCTCCTGG
1 S 9 0 0 CATGTGGTGT TCCTT pMB22 CATTGAGAAT CTCCTTT
CATGTGTT TCCTT pMB15 CATTGAGAAT CCCCTTA
CATGGTGG TCCTT pMB55 CATTGAGAAT CCCCTTG
CATGACGA TCCTT pMBJ2 CATTGAGAAT CTCCTTG
CATGTGG TCCTT pMBJ3 CATTGAGAAT CTCCTTC*** * * * * * * * * * * * * * * * * * *
CONSENSUS : CAT-------------- TCCTT CATTGAGA— -TCCTT
g t a -------------- AGGAA GTAACTCT— -AGGAA
Fig 21. Comparison of insert sites and IS ends for members of the IS900 family. Data 
taken from the following sources; Green et al., (1989); Leskiw et al., (1990); Kunze et 
al., (1991); Moss et al., (1992).
The distinction between IS and target sequences is not precisely defined in most cases, and has been 
modified from the original reports to optimize the alignment. The underlined sequences in the 
complementary strand of the consensus represent the putative ribosome-binding sites and associated start 
codons, as referred to in the text.
This consensus sequence is potentially significant as it represents a possible ribosome- 
binding site and start codon, on the complementary strand, at either side of the insertion 
sequence (T. Doran, personal communication); in the sequence shown in Fig. 19, there
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are overlapping start and stop codons at positions 836-839, each of which is associated 
with a potential open reading frame on the complementary strand, as discussed below. It 
appears that these elements tend to insert between the ribosome-binding site and the start 
codon of a given gene, with the element itself restoring the disrupted functions so as to 
permit continued translation of both that gene and the complementary strand of the IS. It 
may also be significant that a consequence of this strategy would be to orientate the 
transposase gene of the IS in opposition to the direction of transcription and translation 
on the target sequence.
8.5 Analysis of potential coding regions
Analysis of the sequence IS lllO  discloses the presence of a single open reading 
frame (ORF), as is found in other members of this family; this is thought to code for 
transposition functions, and expression of this sequence from 1S900 has been 
demonstrated (Tizard et a/., 1992). However, there does not apj^ar to be a stop codon 
within JSlllO  in this reading frame. It is possible that there is an undetected sequencing 
error (although the data have been re-examined with this in mind); alternatively, there 
could be a genuine frameshift mutation in ISlllO , which would then have to rely on a 
stop codon in the flanking sequence for termination of translation. In the example 
presented here, this would add 46 amino acids to the C terminus of the protein 
(compared to IS900), giving a predicted product of 50.215 kD. The altered C-terminal 
sequence of the putative transposase presumably does not affect the function of this 
protein. However, other elements of the 1S900 family have been shown to have a second 
ORF (ORF2) on the complementary strand (Tizard et aL, 1992; Murray et aL, 1992), 
although attempts to show expression of this were unsuccessful (Tizard et aL, 1992). 
However, Murray et aL, (1992) have demonstrated a promoter sequence {P^n) adjacent to 
the 3' end of one copy of IS900, and showed that a DNA fragment containing P ^  and a
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fragment of ORF2 was capable of driving the expression of a reporter gene in 
mycobacteria. The translation of ORF2, in 1S90O, is expected to be initiated from the 
ribosome-binding site and start codon generated by the fusion of the end of the IS with its 
target site, as discussed above. Nevertheless, the function (if any) of ORF2 remains 
unclear. The results presented here demonstrate that ORF2 is not essential for 
transposition, as it will not be expressed in ISlllO . Not only is there a frameshift 
(relative to IS9<?0) in the 5' region of ORF2, there is an in-ffame stop codon which would 
terminate translation after 12 amino acids (See Fig. 19). It is conceivable that 0RF2 has a 
regulatory role as a repressor of transposition, and that the high degree of mobility of 
IS lllO  could be due to the absence of this product.
8,5.1 Analysis ofputative transposases of members of the 1S900family
The relationship between IS lllO  and the other members of the 1S900 family is 
further demonstrated by alignment of their putative transposases. See figure 22.
The position of the putative frameshift is evident from this comparison, as the conserved 
region following that point is present in the (-1) reading frame in ISlllO . See figure 20. 
Two highly conserved regions are of particular interest. The presence, in region 1, of the 
motif D—DA, which is one of the most highly conserved features of reverse transcriptase 
enzymes (Johnson et aL, 1986; Xiong and Eickbush, 1988), has been previously 
identified in other members of this family of insertion sequences (Leskiw et aL, 1990; 
Kunze et aL, 1991). Regions 1 and 2 are also closely related to sequences found in the 
proteins responsible for inversion of the DNA region containing the pilin structural genes 
of Moraxella hovis and Moraxella lacunata (Marrs et aL, 1990; Fulks et aL, 1990; 
Lenich and Glasgow, 1994) (See figure 22) suggesting a relationship between 
transposition of the IS900 family and inversion of the pilin genes in Moraxella.
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1 5 9 0 0  M------- TVTEVWAQPV------------------- WAGVDAGK2UDHYCMVINDDAQRLLSQRVANDEAAL
1 5 9 0 1  M------- ASP DRV-------------------WVGIDVGKSTHHACAIDDTGKWWSKKIPNEQAAI
I S 1 1 6  L--------STRH D R I------------------- WVGIDAGKGHHWAVAVDADGETLFSTKVINDEAQV
ISlllO MLAGLSVGNMVDDKRIGGSMEADQLWAGADVGKEHHWVCWDDKGTAVLSRKLTNDEQPI
^ * * * * * *  ^
1 S 9 0 0  LELIAAVTTLADGGEVTWAIDLNAGGAALLIALLIAAGQRLLYIPGRTVHHAAGSYRG-E IS501 EDLIAQGGRIAN— HWWAIDLTSRRRRLLIAVLLSAKAEWYVPGRTVNTMSHAFRG-E
1 8 1 1 6  LTLI-ETA RERE— EVRWAVDISGRASTLLLALLVAHGQNWYVPGRTVNRMSGAYKG-E
ISlllO RELIDEIDAL— GCDVSWTVDLTTVYASLLLTVLADAGKSVRYLTGRAVWQASVTYRGGE
ISPOOISPOlIS116
ISlllO
piv
ISPOOISPOl18116ISlllO
GKTDAKDAAIIADQARMR-HDLQPLRAGDDIAVELRILTSRRSDLVADRTRAIEPNARPA 
GKTDAKDARVIAETARHR-RDLSPWPGEDLVAELRSLTAYRSDLMADWVRGVNRVRSML 
GKTDAKDARVIADQARMR-RDFAPLDRPPELVTTLRLLTNHRADLIADRVRLINRLRDLL 
AKTDAKDARVIADQSRMRGADLPVLHPDDDLITELRMLTAHRADLVADRTRTINRLRHQL-k'k'k'k'k'k'k^   ^  ^ * * *
KTDKQDAILLA
le "k k  k  k  k  k  k  k
AGILSALERAFDYNKSRAALILLTGYQTPDALRSAGGARVAAFLRKRKAR— NADTVAAT 
TAIFPALEAAFDYST-RAPLILVSAMCTPGEIRSAKRAGVIKHLRKNRAWPNNIDTIADK 
TGICPALERAFDYSAAKGPWMLTEYQTPAALRRTGVKRLTTWLGRRKVR— DADTVAAK 
lAVCPALERVAQLTQDRGWWLLTRYQRPKAIRHSGVSRLTKMLGDAGVR— NAATIAAA
ISPOOISPOl18116ISlllO
ISPOO
ISPOlIS116ISlllO
ISPOO
ISPOlIS116ISlllO
ISPOOISPOl
IS116ISlllO
ALQAANAQHSIVPGQQLAATWARLAKEVMALDTEIGDTDAMIEERFRRHRHAEIILSMP 
GIAAAAGQIITLPGEAGTAALIKQLAARLLDLDRQIKDIDKQITNKFREHPSAAIIESMP 
AIEAARTQQWLPGEÎCRATKLVCDIAHQLLALDERIKDNDREIRETFRTDDRAEIIESMP 
AVTAAKSQTVRLPGEDVAAGLVADLAGEWALDDRIKSTDADIEDRFRRHPAAEVITSLP ** * * * * * * * * * * * * * * * *
 2_________
G FGVILGAE FLAATGGDMAAFASADRLAGVAGLAPVPRDS GRISGNLKRPRRYDRRLLRA 
GMGPHLGAEFLVITGGNMAAFTNPGRLASFAGLVPVPRDSGRITGNLHRPKRYNRRLRRV 
GMGPVLGAEFVAIVG-DLSGYKDAGRLASHAGLAPVPRDSGRRTGNYHRPQRYNRRLRWL 
GMGFRLGASFLAAVG-DPTLIGSADQLAAWAGLAPVSRDSGKRTGRLHTPKRYSRRLRRV * * * * * * *  * * * * * * * * * ***  * * * * * * *
p l v  LASYAGLAPRHHQSG
CYLSALVSIRTDPSSRTYYDRKRTEGKRHTQAVLALARRRLNVLWAMLRDHAVYHPAT-T 
FYLAALSSLKIEGPSRAFYDRKRSENHIHTQALLALARRHVDVLWALLRDNRTWQPQQPT 
FYMSAQTAMMRPGPSRDYYLKKRGEGLLHTQALLSLARRRVDVLWAMLRDKRLFTPAPPV 
MYMSALTAIRCDPHSKAYYQRKRDEGKRPIPATLCLARRVPT S FT PS SVTTAPGNPNHPR 
* *. .* .** *. * **** Î ................. *
TAAA--------------------
VAAA--------------------
T QTTV——————————
SPSR R L D IFIE SPF
Fig 22. CLUSTAL alignment of the putative transposases showing the homology of the 
amino acid sequence between the following insertion elements: IS lllO  ORFl, IS901 
ORFl, 1S900 ORFl, and 1S116 ORFl 197.
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Regions 1 and 2 are those referred to in the text. The short sequences marked piv are derived from the pilin 
inversion genes oîMoraxella bovis and Moraxella laamata (ORF2) (Fulks et al., 1990; Marrs et al., 1990; 
Lenich and Glasgow, 1994). Asterisks (*) indicate residues present in all four sequences (100% homology). 
Dots (. ) represent residues present in three sequences (75% homology). The vertical arrow (T) indicates 
the approximate position of the infeired frameshift in
This copy of IS l 110 is inserted adjacent to the overlapping stop and start codons of two 
potential ORFs, on the complementary strand in Fig. 19 (positions 836-839). Comparison 
of the predicted products of these ORFs with the SwissProt databank yielded no matches 
of obvious significance, although a short region of homology was found with mercuric 
reductases from Staphylococcus aureus and Streptomyces lividans.
8.6 Analysis of colonies derived from LR541 using pLR7 as the probe.
Following the restriction analysis of individual colonies derived from LR541, IS lllO  
was initially identified as a result of an increase in the size of the plasmid pLR20 as 
described previously. Banding pattern of total f^fi-digested DNA from NF38 colony 
(carrying pLR20') disclosed an increase of a single Pstl fragment from 1.7 Kb to 3.7 Kb 
when pLR20 was used as the probe. In order to know if a size alteration could be 
detected in plasmids other than pLR20, total digested DNA from the same colonies 
(MH21, carrying pLR20; NF38, carrying pLR20' and NF9, showing both forms) was 
transferred to a gel and hybridized with plasmid pLR7. As seen in Fig. 23, MH21 and 
NF9 showed the same pattern whereas the lower Pstl fragment from NF38 suffered an 
increase of size (approximately 2 kb) compared to MH21 and NF9, due possibly to the 
insertion of IS l 110. This variation in the structure of pLR7 suggested transposition of 
the element.
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H
Fig 23. Hybridization of total P^/I-digested DNA from MH21, NF38 and NF9 with pLR7. 
7:MH21 8: NF38 9: NF9
The banding pattern obtained for MH21 and NF9 is different to the NF38 pattern due possibly to the 
presence of ISIIIO in NF38.
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8.7 Mobility of
The observation of an apparent transposition occurring from a spontaneous event 
without any form of selection being used indicated that the exceptionally high degree of 
mobility apparently exhibited by IS lllO  was much greater than is the case for most 
transposable elements, and was therefore worthy of further investigation.
Each of the three single-colony isolates (MH21, carrying pLR20; NF38, carrying pLR20'; 
and NF9, showing both plasmid forms) were plated out, and a number of single colonies 
from each plate were picked individually for DNA extraction and analysis by Southern 
blotting of PvuU digests of total DNA.
The total DNA from the three original clones was hybridized to pLR20 and pLR7. When 
probed with pLR20, the banding patterns indicated that no further variation in the 
structure of pLR20 had occurred during this process (See figure 24B). When probed with 
pLR7, the patterns showed that a variation in the structure of pLR7 had occurred in 2 out 
of 4 colonies of NF38, but not with MH21 or NF9 (See figure 24D).
At the same time, a genetic probe containing a partial sequence of IS lllO  (697 base 
pairs) was generated by the PCR technique using primers designed on the sequence of 
ISlllO ; CGGGTGAGGCTGCATCGCT; bases 64-82, and TGGGTCAGTTGGGCA 
ACGCG ; bases 761-742. (909-927 and 1606-1587 in figure 19).
When this probe derived from IS lllO  was used, it was also evident that further 
transposition of IS lllO  had indeed occurred (Figure 24C): 1 out of 4 colonies derived 
from NF38 had apparently acquired an extra copy of the element, as had 3 out of 6 
colonies from MH21 and 1 out of 4 colonies from NF9.
Furthermore, the three MH21 colonies showing transposition had different banding 
patterns and therefore are not merely re-isolates of the same clone. Thus, of the small 
number of colonies picked at random, between 25 and 50% showed evidence of 
transposition of ISlllO .
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24 A)
Fig 24. Demonstration of the mobility of ISIIIO  by Southern blotting of PvwII-digested 
DNA from cultures derived from individual colonies.
1 : lambda Hindlll markers 
2: NF38, uncut
3 to 6: individual colonies of NF38; 7-12: MH21; 13-16: NF9
A) Agarose gel containing the total mycobacterial DNA before its hybridization
B) Probed with pLR20
C) Probed with ISIIIO
D) Probed with pLR7
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Fig.24 B) pLR20 probe.
1 «  3 4 « 0 7 8 9  1O11 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 0  2 0
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6.6
2 3
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06
See page 131 for identity of tracks.
No alteration of pLR20 fragment sizes was detected by analysis of banding patterns of colonies derived from 
LR541 indicating that no further variation in the structure of pLR20 had ocurred.
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Fig 24 C) ISIIIO  probe.
23.1
S A
6.6
1 2  3 4 5 6 7 8  9  1 0 1 1 1 2 1 3 1 4  1 5 1 6 1 7 1 8 1 0 2 0
w
L
.   ^  •
2 3 —  2X> —
06
See page 131 for identity of tracks.
Evidence of transposition of IS/7i<?. Colonies derived from LR541 strain acquired extra copies of IS///tf; 1 
out of 4 colonies from NF38 (track 6), as well as 3 out of 6 colonies from MH21 (tracks 9, 10 , 11) and 1 
out of 4 from NF9 (track 14).
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24 D) pLR7 probe.
1 2 3 4  8  6 7 8  9  1011 12 131418 1 6 1 7 1 8 1 9 2 0
23.1 «
9 j # -  
6.6 •
4 A  -
2.3
2.0
0.6
See page 131 for identity of tracks.
The capacity of transposition of ISIIIO is also reflected when the probe pLR7 is used. Comparison of 
individual colonies of NF38 (tracks 3 to 6) shows an increase of the upper band in tracks 3 and 5 respect to 
tracks 4 to 6. This alteration of the size of the plasmid pLR7 is due to the integration of ISIIIO into this 
plasmid that indicates the high transposition frequency of IS ii/0 .
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A comparison of figures 24 B and 24 C shows that one band (8 Kb) in the NF38 and 
MH21 clones appears to hybridize to both probes, pLR20 and ISlllO , and that this band 
differs in size between the MH21 clones (carrying pLR20) and the NF38 clones (carrying 
pLR20'); both bands are seen in the NF9 clones which carry both forms of the plasmid. 
This indicates that this is the same DNA fragment, detected by both probes, and not 
merely a coincidence. The detection of this fragment by the IS lllO  probe indicates that 
the pLR20 plasmid in MH21 already carried a copy of the IS element before the 
transposition event creating pLR20' by insertion of (a second copy of) ISlllO .
The two bands detected by the IS lllO  probe in all the colonies (4.4 Kb and 2.4 Kb) were 
not detected by either pLR20 or pLR7 probes. Therefore, these bands are either 
chromosomal DNA or part of the large uncharacterized plasmid from LR541.
On the other hand, the pLR20 probe clearly does not detect all the fragments carrying 
ISl/if?. It must be stressed that the pLR20 probe used was not derived from the plasmid 
in MH21, but from a recombinant plasmid (pJC70), constructed before the start of this 
project (Hellyer et al., 1991). A restriction map of pJC70 shows that it does not carry 
ISlllO . It can concluded that pLR20 acquired one copy of IS lllO  during the period 
between the construction of pJC70 and the initial observations described in this Thesis.
8.8 Origin of IS iiif l
A curious feature of the detection of IS lllO  in LR541 is that this strain of M.avium 
has been studied in many laboratories in different countries, without this element having 
been detected. It seems likely, therefore, that some recent change in its structure has 
occurred to render it more mobile.
These results, showing that transposition of IS lllO  can be detected by examining 
random colonies without any form of selection, indicate a remarkably high degree of
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mobility of this element. There are several different possible reason for the exceptional 
degree of mobility of ISlllO . The data shown in Fig. 24 C indicate an ability to transpose 
in a replicative manner; the relatively low copy number of the IS supports the hypothesis 
that the element has only recently acquired the ability to transpose at this exceptionally 
high frequency, most possibly due to a mutation of the element that affects the regulation 
of transposition, i.e., the loss of a repressor function or loss of the site recognized by the 
repressor. Another possible reason may be that the host strain has recently acquired 
IS lllf?, i.e. by a phage infection in the laboratory producing high initial mobility of 
ISlllf? due to low level of repressor function in the host cell and/or presence of 
unoccupied sites in the host.
It is also possible that a hypothetical mutation occurred in the host causing a reduction or 
complete elimination of the repression oî ISlllO , and therefore, possibly stimulating its 
transposition.
An alternative possibility is that a rare transposition event inserted a copy of the element 
ISlllO , by chance, adjacent to a strong promoter, resulting in over expression of the 
transposition functions of the element.
Among all these hypotheses, a mutation of the element seems the most likely. It is 
important to note that in the other alternatives, the introduction of IS lllO  in a different 
strain would result in a much lower degree of mobility. If the mobility of IS lllO  was due 
to a mutation of the element, IS lllO  would show the same degree of mobility in other 
mycobacterial species which makes IS lllO  potentially valuable for transposon 
mutagenesis in mycobacteria. The high frequency of IS lllO  (if it actually happens) 
might be useful for the construction of composite transposons enhancing the application 
of IS9(?<?-directed transposition for the insertion of foreign genes into mycobacteria 
(England et al., 1991; Dale et aL, 1994; Dellagostin et a l, 1994)
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8.9 Occurrence of IS lllO
In order to investigate the occurrence of IS lllO , DNA samples from 11 additional 
strains of M. avium, together with strains of Mycobacterium bovis, M. tuberculosis, 
M.xenopi, M.kansasii, M.gordonae and BCG were digested with PvwU and Southern 
blots were probed with IS lllO  generated by PCR technique (Figure 25 A).
I did not detect any related sequence in mycobacterial species other than M. avium. 
M.intracellulare and M.malmoense were also tested in a later experiment with the same 
negative result for M.malmoense. However, several M.intracellulare isolates showed a 
positive hybridization with IS lllO  (See section 8). These results, indicate that IS lllO  
might be an insertion sequence species-specific for the M. avium complex although a 
limited number of species were tested, and only one isolate of each species. Therefore, 
more testing of strains including more isolates are needed to asses the specificity of 
ISlllO . Amongst the M.avium isolates, only two showed strong hybridization to ISlllO , 
with a single band in each case (tracks 3,14). However, prolonged exposure of this blot 
disclosed the presence of weakly hybridizing polymorphic bands (See figure 25 B).
When a further 24 M.avium isolates were tested, we detected two more strains that 
hybridized to IS lllO  (photo not shown). This may indicate that IS lllO  itself is 
comparatively uncommon in M.avium isolates in general. Long exposure of this blot 
disclosed the presence of bands in most of M.avium samples, presumably owing to the 
presence yet another element of the IS900 family (See figure 26). A significant feature of 
this hybridization is the degree of polymorphism exhibited, which is far greater than that 
seen with pMB22 (and approaching the extent of polymorphism detected in 
M.tuberculosis with IS6110I986 (Hermans et al., 1990; Zainuddin and Dale, 1989).We 
considered, therefore, that this insertion sequence could be capable of a high degree of 
discrimination between M.avium strains, which would make it extremely valuable as an
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epidemiological tool for studying the origins of M.avium infections in AIDS patients.
This is examined in the following section.
25 A)
1 2 3 4  5 6  7 8  9  101112 13 14 15 16 17 18 19
0.6
Fig 25. Occurrence of IS lllO  and related elements.
DNA samples were digested with PvuW, and Southern blots were probed with \S1110. 
Figures 25 A) and 25 B) are the same filter, using different exposure times.
1 : lambda Hindlll marker 11 : M.tuberculosis 16: M.bovis
2: M.avium LR54\ \2. M.gordonae 17,18: Mavmm
3 to 9: Mûtv/w/w isolates \2>. M.kansasii \9. M.xenopi
10: BCG Pasteur 14, 15: M.avium
The M.avium isolates were from the following sources; blood isolates from AIDS patients (tracks 2 to 4, 14, 
17, 18); urine from AIDS patient (15); clinical isolate from non-AIDS (5); environmental isolates (6 to 8); 
veterinary isolate (9). The other mycobacterial species (except BCG) were all clinical isolates
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Fig 25 B) Prolonged exposure of the previous filter.
1 2 3 4  5 6  7 8 9  1011 12 13 14 1616171819
Fig 26. Prolonged exposure of M.avium strains hybridized to ISIIIO.
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9. RFXiP analysis o f the Mycobacterium avium Complex (M AC) isolated from  
AIDS, non-AIDS patients, animals and the environment from developed and 
developing countries.
9.1 Introduction
Nowadays, infections due to mycobacteria occupy an important place in patients 
with AIDS. M.avium complex infections are predominant in AIDS patients from 
developed countries although the incidence varies from 10 to 50% in different countries. It 
has been suggested that mycobacterial infections play a role in the overall clinical picture 
of AIDS, acting as a cofactor in the downgrading of the immune system in HIV-positive 
patients leading to AIDS (Collins 1986, 1992, Rook 1992). Little is known concerning the 
source or mode of transmission of M.avium complex disease in AIDS patients.
Subtyping of M. avium could identify the source of disease in humans and possible routes 
of infections. Subtyping of strains would also be useful to examine clinical strains isolated 
from multiple sites to confirm the existence of disseminated infection.
Typing studies carried out such as serotyping (Saito et al., 1990), phagetyping (Snider et 
a l, 1984), whole genome fingerprinting (PFGE) (Levy-Frebault et a l, 1989; Arbeit et a l, 
1993; Mazurek et a l, 1992, 1993), multilocus enzyme electrophoresis (Wasem et a l, 
1991) and plasmid typing (Crawford and Falkinham, 1990) have recently been shown to 
divide clinical M.avium strains into a number of unique types and demonstrated a mixed 
infection in two patients (Arbeit et a l, 1993). However, the technique of PFGE has not yet 
found wide application.
Mycobacterial cultures of M.avium complex can be identified and divided into M.avium 
and M.intracellulare by a number of commercially available DNA probes, based usually 
on species-specific sequences of the 16S ribosomal RNA gene. The use of these probes 
has demonstrated that almost all AIDS associated M.avium complex strains are in fact
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M.avium. However, not all strains of M.avium are equally represented, AIDS associated 
strains tended to be particularly serovars 4, 6 and 8; whereas strains found in animal and 
birds tended to be serovars 1-3 .
Genetic probes based on insertion sequences found in mycobacteria have been used for 
subtyping and epidemiological investigations of mycobacterial infection:
- DNA probes homologous to the insertion sequence 1S6110/IS986 have been widely used 
for epidemiological studies of M.tuberculosis. Transposition of this element into multiple 
sites in the M.tuberculosis genome gives rise to extensive restriction fragment-length 
polymorphisms (RFLPs) that characterize individual strains.
-pMB22 probe carries DNA sequence from M.paratuberculosis detects polymorphism in 
M. avium which has also been used to investigate M. avium disease. The presence of ISP(?i, 
detectable with pMB22, characterizes M. avium strains isolated from animals and 
environment (pMB22 RFLP type AM), whereas clinical isolates from AIDS patients lack 
this sequence (Kunze et al., 1992).
Western AIDS patients were found to be frequently infected with a single highly 
conserved strain of M. avium, pMB22 RFLP type A. The limited extent of the 
polymorphism seen with pMB22 restricts its usefulness for epidemiological studies of the 
spread of M. avium. Probes with greater discriminatory power are therefore needed for 
such studies, in order to verify the routes of infection.
9.2 Development of gene probes derived from IS lllO  for epidemiological 
investigations of M.avium infection.
Preliminary studies with a probe derived from part of the insertion sequence IS lllO  
indicated that this element was found in only a small number of M.avium strains (4 out of 
48 tested). However, prolonged exposure of Southern blots disclosed the presence of 
weakly hybridizing bands in many of the isolates tested, suggesting the presence of
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another insertion sequence partly related to ISlllO , Furthermore, the banding patterns 
obtained exhibited extensive polymorphism, even between strains that had identical RFLP 
patterns with the pMB22 probe. This result, indicating the potential usefulness of IS lllO  
as an epidemiological tool, prompted me to investigate the occurrence and distribution of 
IS lllO  in M. avium and establish the extent of the polymorphism seen with ISlllO .
A better resolution probe was required to investigate M. avium strains since the above 
probe offered great polymorphism but, against it, only weakly hybridizing bands were 
shown at long exposure times under the stringency conditions used in our laboratory.
This weak hybridization signal obtained with the probe derived from part of IS lllO  
(generated using primers A and B) is caused by the poor homology between this probe and 
the polymorphic element partially related to IS lllO  which prevents us from getting a 
greater detection of polymorphism.
Therefore, I believed that the right end of IS lllO  would offer a higher homology to the 
polymorphic element which might render a better banding resolution when used as the 
probe under the same stringency condition.
Thus, for further testing, I developed a full length IS lllO  probe, generated by PCR 
technique using primers E and F (Fig. 27). The PCR product obtained was excised from 
the gel after electrophoresis and purified by 'Gene Clean' technique. DNA was labelled 
with digoxigenin as previously described in the 'Material and Methods' section. (See figure 
28).
A number of M. avium strains (18) from our laboratory strain collection, including human, 
animal and environmental isolates, were selected at random. DNA was digested with 
PvuU. and transferred to a filter by 'Southern Blot'. Southern blot was probed with the full 
length IS lllO  probe. Hybridization was performed under strict conditions (68°C o/n, 
washes were done at high stringency; 2xSSC,0.1%SDS solution used twice for 5 minutes 
at room temperature followed by 0.1xSSC,0.1%SDS used twice for 15 minutes at 680C).
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The detection of DNA banding was performed as previously described in the 'Material and 
Methods' section.
As shown in Fig. 29, most of M.aviwn tested hybridized strongly to the probe showing a 
great polymorphism. A high sensitivity is achieved as bands can be detected after a 
exposure time of only 10 minutes.
B D
PRIMER DNA SEQUENCE LOCATION
E 5' TCCTTAAGTTCGTAGGTGCAG 3' 1-20
B 5' CGGGTGAGGCTGCATCGCT 3' 49-82
D 5' CAAGACCGATGCCAAGGACCj C 3' 538-558
A 5' TGGGTCAGTTGGGCAACGCG 3' 746-727
C 5' CGAGGAATTCCGCGCCGAG 3' 1103-1095
F 5 'AAGGACTCTCAATGAAGATG 3' 1467-1448
Fig 27. Position and DNA sequences of primers used to develop the different probes 
derived from ISlllO .
Primers E and F ; generate a fliU length \Sl l lO probe 
Primers A and B : generate a partial ISIIIO probe (left end)
Primers C and D : generate a partial ISIIIO probe (right end)
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Fig 28. Agarose gel showing the DNA band corresponding to full length IS lllO  generated 
by PCR technique using E and F primers.
1 to 6: IS /7/9
7: Lambda Hind III and (|)X174 markers
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Fig 29. Hybridization of M.avium strains with a full length IS/779 probe. 
Exposure time of the filter for detection of polymorphic bands is only 10 minutes.
1 to 5, 12 to 17: M.avium strains isolated from AIDS patients.
6 to 11: M.avium strains isolated from NON-AIDS patients.
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These results seem to indicate that the right hand region of IS ii/9  is more homologous to 
the yet uncharacterized element {M.avium polymorphic element-MAPE) responsible for 
the high polymorphism exhibited by M. avium strains.
In order to investigate the possible presence of additional elements that still fail to 
hybridize to these probes, I designed primers C and D on the IS iü 9  sequence (Fig. 30) 
corresponding to regions that are conserved between the characterized elements (IS999 
carried by M.paratuberculosis strains, IS99//IS992 and IS lllO  present in M.avium 
strains).
PRIMER C (1103-1095) PRIMER 0(538-558)
IS lllO  5 '  CGAGGAATTCCGCGCCGAG 3 ’ 5 '  CAAGACCGATGCCAAGGACGC 3 '
IS99i 5 ’ CGAGGAACTCAGCGCCCAG 3 '  5 '  CAAGACCGACGCCAAAGACGC 3 '
IS999 5 '  CGAGGAACTCAGCGCCCAG 3 '  5 '  CAAGACCGACGCCAAAGACGC 3 '
•)( "k -k -k -k -k k k k k k k  k  *  * k k k k k k k k k  k k k k k  k k k k k
Fig 30. Sequence comparison of primers C and D between ISIIIO, IS901 and IS999.
The sequences of primers C and D share a common similarity for the three insertion sequences. Primers C and 
D are derived from positions 539 and 1102 of ISIIIO, exhibiting 85% and 90% homology with the sequences 
of the same region within IS900 and IS901. The similarity between these latter sequences is 100%.
The expected sizes of the PCR products were 563 bp (ISlllO),  559 bp (IS900) and 562 bp (IS9W).
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In order to confirm its usefulness, DNA from different clinical isolates of 
M,paratuberculosis and M.avium were used as templates in a PCR reaction using primers 
C and D as well as primers A, B, E and F.
Table 5 summarises the ability of DNA from 18 strains to hybridize to the original IS /i i9  
probe (the A/B PCR product) and to the full length probe (the E/F PCR product); 1S900 
and 1S901 failed to hybridize to either probe under conditions used, indicating that in no 
case was the reaction due to either of these previously characterized insertion sequences. 
Neither 1S900 nor IS901 gave a PCR product with primers A and B.
However, the primer pair (C/D), yielded a PCR product with IS lllO  (563 bp), IS900 (559 
bp) and 1S901 (562 bp) templates, but did not produce a product with those strains that 
hybridized weakly or not at all to the full- length IS ii /9  which unfortunately shows the 
inability to isolate a possible highly polymorphic element by PCR using primers C and D. 
Thus, a different approach to isolate this element is needed which may involve the 
construction of a gene library from an M.avium strain lacking \S900, IS901 and ISlllO . 
This library would be then screened at low stringency with the full length IS lllO  probe to 
identify clones containing the MAPE sequence.
On the other hand, as mentioned above, the ability of primers C and D to amplify IS900, 
IS901 and ISÜ79, but not the MAPE, enables M.avium and Mparatuberculosis strains 
carrying these elements to be distinguished.
147
Results and discussion
Table 5. Hybridization of M.avium strains to different probes derived from 187/79 
sequence and PCR product obtained using primers designed on IS7779 sequence. 
Symbols represent the sensitivity of the results obtained. Identity of symbols;
(+++); strong positive result 
(+): positive result
(+/-): weak positive result 
(-); negative result 
nt: not tested
Probe PCR
AIDS NON-AIDS ISlllO ISlllO A/B C/D
Left end Full length
Strain Stype A/B product
LR541 (4) + _ +++ +++ +++ +++
SK3 (IB) + - +/- +++ nt nt
SK68 NEG. + - +-l-+ -I-++ nt nt
SK90 (4) - + +/- + /- - -
SK29 (4) + - +++ +++ 4-4-+ +++
SK34 (IB) + - (+) +++ nt ntSK102 (8) + - +++ +++ +++ +++
12.4 (N-S) + - (+) +++ nt ntSK97 (6) - + (+) +++ nt ntSK93 (8) + - (+) +/“ nt nt
SK99 (NEG.) - + +++ +++ - +++
SK41 (8) - + (+) -f-++ nt ntSK5 (NEG.) + - +/- +/- nt nt
SK69 (6) - + +/- +++ nt nt
SK43 (IB) + - (+) 4-4-+ nt ntSK63 (8) - + +++ +++ +++ +++
SK87 (6) + - +/- +++ nt nt
SK6 (21) + - (+) +++ nt ntF19 +/- +/- -
F3 +/- +/- - -
23.44 +/- +/- - -
T7 +/- + - -
M. avium containing IS997 - - - 4-++
M.paratuberculosis (IS999) - - - +++
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9,3 Stability of the RFLP patterns exhibited by IS lllO
The preliminary results indicated the potential of IS ii i9  as an epidemiological tool. 
However, this required a degree of stability in the RFLP patterns, since IS 7 ii9  is known 
to be a highly mobile element, giving rapid variation in the RFLP patterns in the host 
strain from which it was obtained.
In order to ascertain the stability of the RFLP banding patterns obtained with IS7779, I 
carried out a growth experiment in which three M.avium strains from clinical isolates 
(SKI, SK52, SKlOl) exhibiting different banding pattern, were examined (see Fig. 31). 
Briefly, for each original strain, a swab was taken from Lowenstein-Jensen slants and 
plated out onto a 7H11 agar plate. After incubation, single colonies were obtained. A 
single colony was inoculated in 10ml 7H9 broth (subculture 1). After a week growth, a 
loop of the culture was plated out onto 7H11 agar plates obtaining several small individual 
colonies after two weeks. At the same time DNA from subculture 1 was extracted and 
kept for further analysis. A colony from each strain was picked for further subculture in 
broth for a week (subculture 2). Again, after that time, a loop of the culture was allowed to 
grow on agar plates for two weeks until the appearance of individual colonies. The DNA 
of the second subculture was extracted by standard procedures and kept for further 
analysis. Subsequently, serial subculture of individual colonies was repeatedly performed 
at the same intervals until five subcultures were obtained after a total growth of 13 weeks. 
After that, DNA from subcultures 1 to 5 was digested with P v m I I  and subsequently 
hybridized to a full length IS Ü i9  probe. Analysis of the RFLP banding pattern showed 
that the three M. avium strains retained the same banding pattern for 13 weeks; a single 
copy for SK52, two copies for SKI and multiple copies (14) for SKlOl (Fig. 32) These 
results demonstrate the high degree of stability of RFLP patterns obtained with IS lllO  
which confirms the use of IS lllO  as epidemiological tool to investigate M.avium 
infection.
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2 weeks
W  slant
subculture 4subculture 5
10 weeks
13 weeks
1 week DNA 7 weeks
2 weeks
subculture 1
4 weeks2 weeks
subculture 3
2 weeks
subculture 2
Fig 31. Serial subculture of M.avium strains.
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1 2 3 4  5 6 7 8  9 10 11 12 13 14 15
Fig 32. Stability of RFLP types obtained with ISlllO .
1 to 5: M.avium SKI, 6 to 10: M.avium SK52 11 to 15: M.avium SKlOl 
1,6, 11: RFLP pattern exhibited by subculture 1 after growth for 1 week
2, 7, 12: RFLP pattern exhibited by subculture 2 after growth for 4 weeks
3, 8, 13: RFLP pattern exhibited by subculture 3 after growth for 7 weeks
4, 9, 14: RFLP pattern exhibited by subculture 4 after growth for 10 weeks
5, 10,15: RFLP pattern exhibited by subculture 5 after growth for 13 weeks
9.4 Analysis RFLP of M.avium strains from clinical, animal and environmental 
isolates.
In order to investigate the degree of prevalence of IS lllO  in M.avium, I tested a panel 
of 131 M.avium strains against a full length IS lllO  from different sources. Besides, I 
carried out a comparative study of the polymorphism obtained with IS lllO  and pMB22. 
See figure 33. Plasmid content data from 90 of the total 131 strains (possession of plasmid 
pLR7 and pLR20) are also included. This latter study was performed by Z.Kunze. The 
pMB22 clone contains a 5.3 Kb DNA insert which is comprised of a copy of the 1.45 Kb
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long insertion sequence 1&900 plus 3.85 Kb flanking DNA which is responsible of the 
rising to the RFLP observed.
IS lllO  {K)
7  a #  1011 i a i 3 iawi#%;p
Fig 33. Hybridization oïM.avium strains with IS lllO  (A) and pMB22 (B).
1, 2, 3, 7, 8, 9, 11, 13, 15, 16, 17 : M.avium strains from clinical isolates from AIDS 
patients.
4, 5, 6, 10, 12, 14: M.avium strains from clinical isolates from non AIDS patients with 
MAI infection.
18: M.avium strain containing IS9W
19: M.paratuberculosis strain containing IS900
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pMB22 (B)
I to 5, 17 : K4.avium RFLP type A6
6 to 10, 12-16: M.avium RFLP type A4.1
II : M.avium RFLP type A3.2
18: M.avium strain containing IS90/
19: M.paratuberculosis containing IS9##
The M.avium strains and the order by which they are arranged is exactly identical for both filters. The high 
stringency conditions used does not allow the detection of IS9t?/ in track 18.
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9.4.1 Experimental conditions
DNA from all samples was extracted as described previously (See Methods section) 
and digested with PvuU. Southern blots were hybridized to the corresponding genetic 
probes labelled with digoxigenin under high stringency conditions: Hybridization 
temperature 68°C, followed by high stringency washes.
All the gels were done in duplicate to avoid stripping and reprobing which might give 
false positives..
Time of exposure of filters for the chemiluminecent detection was always 10 minutes.
9.4.2 Distribution o f M.avium complex strains
The genetic analysis involved a total of 131 M.avium complex strains from different 
sources:
TOTAL STRAINS AIDS NON-AIDS ENVIRONMENTAL VETERINARY
131 63 50 5 13
The percentage of the distribution oïM.avium strains is illustrated as follows;
VETERINARY (9.6%) 
ENVIRONMENTAL (3.
NON AIDS (36.8%)
AIDS (50.0%)
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The geographical distribution of the 131 strains tested can be summarized in table 6.
STRAINS
AMERICAN 
North South EUROPEAN AFRICAN AUSTRALIAN TOTAL
AIDS 40 12 6 4 1 63
NON AIDS 19 26 3 1 1 50
ENVIRONMENTAL 4 - - 1 - 5
VETERINARY
TOTAL
2 8 1 1 1 13
70 46 10 7 3 131
Table 6. Geographical distribution of M. avium strains tested.
9.4.3 Hybridization o f  M.avium strains with IS lllO
The total number of M,avium strains hybridizing strongly to 1^1110 was 70, which 
overall means that 53% of the strains contained sequences hybridizing to the IS lllO  
probe, indicating that elements of this type are widespread but not universal amongst 
M.avium isolates. Table 7 shows the total number of M.avium strains and its hybridization 
with IS lllO  and the source of strains hybridizing to JSlllO.
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SOURCE OF STRAINS IS lllO IS lllO % Hybridization
AIDS 36 27 57
NON-AIDS 26 24 50
ENVIRONMENTAL 3 2 60
VETERINARY 5 8 39
TOTAL 70 61 53
Table 7. Source of M.avium strains hybridizing to ISlllO .
The incidence of strains containing sequences hybridizing to IS lllO  was similar amongst 
human isolates from AIDS and non-AIDS patients; although the numbers of 
environmental and veterinary isolates were too small to be conclusive, the data suggest 
that such sequences are also common in strains from these sources.
9.4.3.1 Serotype o f  M avium strains and IS lllO
80 strains from human sources (AIDS and NON-AIDS) were serotyped out of a total 131 
strains. Table 8 shows the number of these 80 strains for a given serotype as well as the 
relationship between the serotype of the strains and their hybridization with ISlllO .
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AIDS
NO YES
IS lllO TOTAL \S11W TOTAL
SEROTYPE POSITIVE NEGATIVE POSITIVE NEGATIVE
IB 1 0 1 9 1 10
4 3 1 4 6 7 13
6 3 0 3 1 0 1
8 2 0 2 5 6 11
9 2 1 3 0 3 3
21 0 0 0 1 0 1
NEGATIVE 3 1 4 4 0 4
NON-SEROTYPBL 2 5 7 8 5 13
16 8 24 34 22 56
Table 8. Serotypes of M. avium strains from AIDS and NON-AIDS patients and 
hybridization with ISlllO .
Serotype data was avmlable for 80 strains from human sources out of a total 131 strains.
The most frequent seroypes among the AIDS strains tested were serotypes 1,4,8 (80% of 
total serotypable strains). The other 20% of strains was shared between serotypes 9 
(7.5%), 6 and 7 (2%), and negative serotypes (8.5%). These results are in line with 
previously reported reports.
53% of the total AIDS strains hybridized with ISlllO , serotype IB being the most 
prevalent serotype; 90% of all serotype IB strains from AIDS patients hybridized to
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IS lllO  which represents an overall 34% of total serotypable AIDS stains hybridizing to 
ISlllO , followed by serotype 4 (43% with an overall 23%) and by serotype 8 ( 45% with 
an overall 19%).
The serotypes of M.avium strains from NON-AIDS patients were equally distributed in 
this study; serotypes 4, 9, 6, 8 and 1 were represented in approximately the same 
percentage. 50% of the total NON-AIDS strains tested hybridized to ISlllO . None of the 
serotypes was significantly more likely to hybridize to ISlllO .
9.4.S.2 Geographical distribution ofM.avium strains and ISlllO
The following table (table 9) shows the geographical distribution of the 131 strains 
tested in this study and their hybridizing to ISlllO . Although some strains are represented 
in too small numbers, sequences hybridizing to IS lllO  are found widely distributed in 
these strains.
AMERICAN
STRAINS North South EUROPE AFRICA AUSTRALIA
AIDS 40(23) [58%] 12(6) [50%] 6(5) [83%] 4(1) [25%] 1(1)
NON-AIDS 19(16) [84%] 26(9) [35%] 3(1) [33%] l(-) K-)
ENVIRON. 4(3) [75%] - K-) -
VETERINARY 2(1) [50%] 8(3) [38%] 1(1) l(-) l(-)
Table 9. Geographical distribution o f M.avium strains hybridizing with ISlllO . 
( ) and [ ] represent the number and percentage of strains hybridizing to ISlllO  respectively.
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There were significant differences between the hybridization of NON-AIDS strains from 
North America and South America with ISlllO . South American strains with only 35% of 
them hybridizing to IS lllO  whereas north American strains showed a higher percentage 
of 84%. The reason why strains from South America showed lower percentage of 
hybridization could be due to methodological differences such as poor quality of DNA 
preparations, the analysis of different batches of strains at different times or uneffective 
hybridization.
9.4.3.3 RFLP types and IS lllO
The hybridization of M.avium strains with IS lllO  exhibited a great polymorphism 
with more than 20 different patterns which complicate their classification. However, there 
were seven major groupable types corresponding to low copy number. Thus, the M.avium 
strains hybridizing to IS lllO  have been classified according to the RFLP exhibited. In 
table 10, strains exhibiting different RFLP are listed including also data from plasmid 
content (pLR7 and pLR20), source and RFLP type with pMB22.
It was apparent that there was considerable variation between isolates in both the number 
and pattern of bands detected with the IS lllO  probe. After elimination of unreadable and 
negative results, nearly 40% of the remainder had a single band and over 30% had 5 or 
more copies. Overall, there was no difference in copy number between AIDS and NON­
AIDS strains.
Analysis of the banding patterns using GelCompar (Applied Maths) showed that the 
majority of the single copy isolates were of four types: type 1 consisting of 8 strains, type 
2 with 5 strains, type 5 consisting of 5 strains and finally type 6 with 3 strains. The 
remaining single copy strains were unique.
Three other groups were identified amongst the strains with 2-4 copies: type 3 (2 strains, 3 
copies), type 4 (6 strains with 2 copies) and type 7 (2 strains, 4 copies), all the remaining
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strains showed distinct banding patterns and are shown as unclassified (2 to 4 copies and 5 
or more copies groups).
This is similar to the results obtained with non-epidemiologically related isolates of 
M. tuberculosis using 1S6110 fingerprinting, and presumably arises from a low mobility of 
the element in some strains causing both low copy number and relatively little variation. 
The only two IS types present in large enough numbers to warrant analysis were type 1 
and 4. Type 1 was significantly more common amongst NON-AIDS isolates (P = 0.068, 
Fisher's Exact Test, two-tailed). All the isolates (except two) in this group were serotype 4 
(or gave mixed results including serotype 4), and 5 were RFLP type A4.1 (2 were type I 
and the eighth being unclassifiable).
Furthermore, in 5 out of 6 cases (no data was available for the other 2 isolates) the 
associated disease was classified as 'colonization' (as opposed to 'disseminated' or 
'invasive'); in contrast, only 20% of the other types (with available data) were associated 
with colonization (P = 0.007, Fisher's Exact Test, two tailed).
Type 4 was significantly more common amongst AIDS isolates (P = 0.065, Fisher's Exact 
Test, two-tailed). All the isolates in this group were serotype 'negative' or 'non-sertypable), 
and 5 out of 6 isolates were RFLP type A6.
Furthermore, in contrast to type 1, none of the cases was associated with colonization. IS 
type 2, although with lower number of isolates (5) as mentioned above, is significantly 
more common amongst AIDS patients, 4 out of 5 isolates were serotype 1, 3 out of 5 were 
RFLP type A4.1 and only one case was associated with colonization. Apart from the 
association between IS type 1 and RFLP type A4.1 and IS type 4 and RFLP type A6, the IS 
types appeared to be distributed randomly amongst the RFLP types.
Analysis of multiple isolates from individual patients disclosed an initial evidence for the 
stability of the banding patterns. In particular, two isolates from the same patient (samples 
SK64 and SK68) taken from different sites at a time interval of 4 months, were identical
160
Results and discussion
in their IS type (type 4, 2 copies; see list above), as well as in RFLP type (A6) and 
serotype (2).
On the other hand, strains from some patients showed evidence of variation in their IS 
types; 4 isolates taken over 9 days from the same patient, yielded strains of types 3 (SK34 
showing 3 bands) and unclassified (SK39 showing 5 bands), together with one showing no 
hybridization and a fourth with an uncertain pattern (two weak to be analyzed). However, 
examination of the RFLP and serotype data showed that this patient appeared to be 
concurrently infected with at least two and possibly four different strains of M. avium. 
Similarly, two isolates from the same patient taken 9 months apart, were of different IS 
types, one unclassified (SKlOl, estimated at 14 bands) and the second showing no 
hybridization. However, the two isolates were also of different IS types (A4 and A6 
respectively) and serotypes (8 and 4). It is likely that this patient was reinfected with a 
second Mov/wm strain.
SEVEN MAJOR RFLP TYPES EXHIBITED BY HYBRIDIZATION WITH IS lllO
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GROUPABLE TYPES: 1-6 (1 to 3 COPIES) 
TYPE 1 (ONE COPY)
SEROTYPE pMB22 pLR7 pLR20 Source
SK21 4 A4.1 + - NON-ADDS
SK24 4 A4.1 - - AIDS
SK31 4/18 X NON-ADDS
SK86 4 A4.1 + - NON-AIDS
SK90 4 A4.1 + - NON-AIDS
SK98 4 A4.1 ? - NON-AIDS
R1 I NON-AIDS
Ine6 I NON-AIDS
TYPE 2 (ONE COPY)
SEROTYPE pMB22 pLR7 pLR20 Source
SK3 IB A6 ? ? ADDS
SK19 IB A4.1 + - ADDS
SK22 IB A4.1 ? - ADDS
SK42 IB A4.1 + + ADDS
F7 NON-SEROTPBLE A3.2 - + ENVDRONM.
TYPE 3 (THREE COPIES)
SEROTYPE pMB22 pLR7 pLR20 Source
SK6 21 - - - ADDS
SK34 IB A4.1 + - ADDS
TYPE 4 (TWO COPIES)
SEROTYPE pMB22 pLR7 pLR20 Source
SKI NEG. A6 + - NON-ADDS
SK64 NEG. A6 + - AIDS
SK68 NEG. A6 + - ADDS
SK85 NON-SEROTPBLE A6 + - AIDS
20.1 NON-SEROTPBLE A6 + + ADDS
F3 NON-SEROTPBLE A3.2 + + ENVDRONM.
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TYPE 5 (ONE COPY)
12.4
12.5 
SK52 
DK26 
1541
NON-SEROTPBLE
NON-SEROTPBLE
NEG.
NON-SEROTPBLE
A3.2
A3.2
M
A6
I
+
+
+
-
AIDS
AIDS
NON-AIDS
AIDS
NON-AIDS
TYPE 6 (ONE COPY)
R2
M816
1385
SEROTYPE pMB22
I
I
I
pLR7 pLR20 Source
NON-AIDS
NON-AIDS
NON-AIDS
TYPE? (FOUR COPIES)
T104
1102
SEROTYPE pMB22
A6
A6
pLR7 pLR20 Source
AIDS
NON-AIDS
UNIQUE STRAINS (1 TO 4 COPIES)
SEROTYPE pMB22 pLR7 pLR20 Source
SK5 NEG. A4.1 + ? AIDS
SK29 4 A4.1 + + AIDS
SK 93 4 A6 + + AIDS
SK43 IB A3.2 ? - AIDS
3340 I NON-AIDS
T177 A6 AIDS
4480 A6 NON-AIDS
4575 VETERIN.
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UNGROUPABLE (5 OR MORE COPIES)
SEROTYPE pMB22 pLR7 pLR20 Source
SK102 8 A6 - - AIDS
SK41 8 A4.1 + - NON-AIDS
SK87 6 A3.2 + - AIDS
SK69 6 A3.2 - NON-AIDS
SK63 8 A3.2 + - NON-AIDS
SKlOl 8 AX + - AIDS
1130 A6 AIDS
3016 A6 AIDS
T151 A6 AIDS
T7 NS A1 + + VETERIN.
F19 NS A3.2 + + ENVIRONM.
Table 10. Main RFLP types obtained with JSlllO.
9.4.4 Conclusions
IS lllO  is widely distributed in strains from different sources being present in a large 
number of strains tested (53%). Contrary to IS901, only detected in animals and not in 
human clinical isolates derived from AIDS patients, the sequences detected by IS lllO  are 
found in strains from both AIDS (57%) and NON-AIDS patients (50%) from different 
continents. However, the number of IS-negative strains may be overstated, in which case
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the isolation of further insertion sequences of this family will enhance the proportion of 
strains detected. Related sequences were also detected in isolates from veterinary and 
environmental sources.
There were differences in the serotypes of M.avium strains hybridizing to ISiii/?; In this 
study, the most frequent serotype of the AIDS strains containing IS lllO  was serotype IB 
whereas almost all the serotypes were equally represented for NON-AIDS strains. 
However, the large number of negative and non-serotypable strains restricts the 
significance of these results.
There were significant differences in the American strains hybridizing to ISlllO . South 
American contain less related sequences hybridizing to JSlllO  than North American 
strains which may indicate differences in the epidemiology of MMvium infection in the 
American continent.
Plasmid content analysis o f M. avium strains obtained by hybridization with probes derived 
from the plasmids pLR7 and pLR20 showed that 83% of strains contained a pLR7-related 
plasmid and 22% carried one hybridizing to pLR20; these results are in line with previous 
reports. However, there was no correlation between plasmid content and the different 
RFLP types determined by pMB22 or JSlllO.
These results demonstrated extensive polymorphism in the M. avium strains examined.
exhibits a far greater degree of polymorphism than does pMB22; in particular, the 
pMB22 RFLP type A, which is predominant in ADDS patients, can be readily divided using 
JSlllO. This probe is therefore potentially invaluable for studies of routes of infection 
with M.avium. Besides, these results showed that there is not a strong association between 
JSllOO and pMB22 types, indicating at least some degree of independence between them, 
therefore, a combination of both will give even more discrimination for differentiating 
M. avium strains.
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IS lllO  provides an important tool for studying the epidemiology and transmission of 
M.avium\ the discriminatory power appears to be of the same order as that shown by 
PFGE, but the procedures required are much simpler and can be readily exploited by a 
wide range of laboratories, using the same approach that has been so successful with 
1S6110/\S986 fox MJuberculosis.
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10. DISCUSSION AND CONCLUSIONS
A number of insertion sequences from different mycobacterial species have now 
been identified and characterized.
IS lllO  found in M.avium, is a recently discovered insertion sequence included in the 
IS900 family which probably constitute the second major group of mycobacterial insertion 
sequences after the JS986/IS6110 sequence found in the Mjuberculosis complex.
IS lllO  was identified because of its exceptional mobility in the strain LR541 following an 
observed increase in size of the plasmid pLR20.
Analysis of banding patterns of total digested DNA extracted from single individual 
colonies derived from LR541 using parental pLR20 plasmid as the probe confirmed the 
alteration in size of pLR20 plasmid in some colonies caused by a possible acquisition of 
an insertion sequence.
Characterization of IS lllO  and its target region was carried out by construction of 
genomic libraries of M. avium strains carrying either parental pLR20 (MH21) or the 
modified plasmid pLR20' (NF38) and subsequent determination of the sequence of the 
relevant clones.
The sequence of the relevant clones revealed the presence of a new insertion sequence 
(designated as ISlllO). IS lllO  is a 1457 bp long element lacking terminal inverted 
repeats flanked by 5 bp direct repeats corresponding to duplication of target DNA by the 
insertion of the element and is present in relatively low copies in LR541 strain.
The high mobility of IS lllO  was subsequently confirmed by the detection of transposition 
events without any selection pressure in random individual colonies from the same plate 
showing differences in Southern blot patterns when tested with a probe derived from part 
of ISlllO .
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The ease with which transposition can be obtained may make IS lllO  extremely valuable 
for transposon mutagenesis in mycobacteria (bearing in mind the evidence for target site 
specificity of these elements) and, for the construction of composite transposons for 
insertion of foreign genes into mycobacterial chromosomes.
The low copy number of the element in LR541 and the fact that this strain has been 
extensively studied in many laboratories in different countries support the hypothesis that 
the element has only recently acquired the ability to transpose at this exceptionally high 
frequency, most probably due to a mutation of the element that produced the loss of a 
repressor function or loss of the site recognized by the repressor.
This is further supported by the fact that the long single ORF commonly found in other 
non-motile members of the family does not have a stop codon within IS lllO  possibly due 
to a genuine frameshift mutation in IS lllO  and furthermore, the ORF2 on the 
complementary strand of IS lllO  which may have a regulatory role as a repressor of 
transposition is truncated. Thus, the absence of this product may be responsible for the 
high degree of mobility o f l S l  110.
Initial tests of mycobacterial strains using the probe derived from part of IS lllO , appeared 
to indicate that IS lllO  was not commonly found in M.aviitm strains, with only two strains 
from AIDS patients showing a strong degree of hybridization. However, prolonged 
exposure of Southern blots disclosed a number of strains exhibiting weakly hybridizing 
bands, and exhibiting a high degree of polymorphism among them.
These results were subsequently confirmed by using a probe derived from the whole 
sequence of ISlllO , which yielded a stronger signal. Later on, this probe was used with a 
large panel of 131 M. avium strains from different sources (clinical, environmental and 
veterinary). Almost 54% of the strains from all the sources exhibited sequences 
hybridizing to IS lllO  including isolates from AIDS patients and furthermore, M.avium 
strains tested that were of the same RFLP type using pMB22 could be distinguished using
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this probe emphasizing the value of this probe in elucidating the epidemiology of MMvium 
infections in AIDS patients. Besides, the extensive polymorphism exhibited by M.avium 
strains makes IS lllO  an useful tool for identification of cases of hospital cross-infection. 
Stability of the banding patterns observed when the full length of IS lllO  was used as the 
probe was confirmed by repeated subculture of strains over a period of 13 weeks. These 
results showed that there was no change in banding pattern in any of the strains over this 
period. Thus, although IS lllO  is a highly mobile element exhibiting banding patterns 
changes in colonies derived from the strain LR541 where was originally identified,
the related sequences that are detected with this probe did not show this degree of 
mobility which is essential for the validity and usefulness of IS lllO  as an epidemiological 
tool.
The recent discovery of many mycobacterial insertion sequences and the fact that IS lllO  
detects a widespread number of related elements yet to be characterized has underlined 
the importance of knowing the possible origin, exact role and evolution of these elements 
and their hosts. Initially, the presence of insertion elements in a small proportion of 
M.avium strains as well as the consistency of IS900 in M.paratuberculosis, indicated that 
the acquisition of insertion elements by the host was due most probably to separate events 
after the divergence of M.paratuberculosis and M.avium into separate species. However, 
the results obtained with IS lllO  suggests that the ancestral version of these elements was 
acquired at an early stage in the evolution of M.avium and M.paratuberculosis, and that 
different insertion sequences have evolved more rapidly than the chromosome. However 
more evidence is needed for a better understanding of the function, role and how these 
elements originated and have dispersed among bacterial species and in their genetic 
diversity. These facts still stand as both fascinating and essentially open questions.
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V. FURTHER WORK
Further work in tracing sources of M.avium infection and specially for identification of 
cases of hospital cross-infection using IS lllO  as a highly polymorphic gene probe may be 
aimed.
Besides epidemiological investigations of M.avium infection using ISlllO , the 
remarkably ease with which transposition can be obtained makes IS lllO  valuable for 
future work in transposon mutagenesis and for the construction of composite transposons 
for insertion of foreign genes into mycobacterial chromosomes.
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V n. APPENDIX
List of MMvium complex strains analyzed in this Thesis:
NORTHAMERICAN STRAINS
Appendix
STRAIN COPIES RFLP AIDS MACDIS SEROTYPE SOURCE
SK5 2 A4.1 Y D NEC SYNOVI. FL
SK29 1 A4.1 Y D 6 or 14 BAL
SK39 5 A6 Y D 4 BLOOD
SK41 5> A4.1 N C 4;8 BAL
SK52 1 M N I 18;NEG SPUTUM
SK53 1 A4.1 N I 2;1B;3 LUNGBX
SK59 5> A6 Y D 4 BAL
SK63 5> A3.2 N C 1;8/14;2 BAL
SK69 5> A3.2 N I 6;NEG LUNGBX
SK71 5> - N I 1;MULTI SPUTUM
SK87 5> A3.2 Y D 2/43;6A BAL
SK93 3 A5 Y C 4;8 SPUTUM
SK97 5^ A5 N I 6 BAL
SK99 4 A4.1 N C 6;NEG STOOL
SKlOl 5> A4 Y D 1/8MIX STOOL
SK102 5> A6 Y D 2/8MEX BLOOL
SK21 1 A4.1 N C 14/23;4 URINE
SK24 1 A4.1 Y C 4 URINE
SK31 1 X N D 4/18MIX URINE
SK86 1 A4.1 N C 4 SPUTUM
SK90 1 A4.1 N C 4 SPUTUM
SK98 1 A4.1 N C 4 URINE
SK3 1 A6 Y C 4;8;21;1 SPUTUM
SK19 1 A4.1 Y D 1 BLOOD
SK22 1 A4.1 Y D 1 STOOL
SK6 3 - Y D 1/8/21 STOOL
SK34 3 A4.1 Y D 14/43; 1 URINE
SKI 2 A.6 N I 2;NEG PLEURAL FL
SK43 3 A3.2 Y D 6;1B;NEG SPUTUM
SK64 2 A6 Y D 2;NEG BLOOD
Appendix
STRAIN COPIES RFLP AIDS MACDIS SEROTYPE SOURCE
SK68 2 A6 Y D 2;NEG BAL
SK85 2 A6 Y D 8 URINE
SKIO UNCUT? A4.1 Y D 43;ÎB;3 BLOOD
SK15 UNCUT? A3.2 Y D 1 BLOOD
SKI 8 UNCUT? A4.1 Y D 14/43; 1 PLEURAL FL
SK37 UNCUT? A4.1 N D 26,9 CSF
SK40 UNCUT? A6 Y D 8 STOOL
SK57 +VEUNRE A6 N C l/19mix URINE
SK82 +VEUNRE - Y D 4 SPUTUM
SK16 NO BANDS X N D 4;NEG BLOOD
SK17 NO BANDS A3.2 Y D 3;9 BLOOD
SK20 NO BANDS A6 Y C 1/14;4 STOOL
SK23 NO BANDS A4.1 Y D 8/42MIX BLOOD
SK25 NO BANDS A6 Y D 1;4 PERITONEAL FL
SK26 NO BANDS A4.1 Y I 8 LYMPH NODE BX
SK27 NO BANDS A4.1 N C 8 PLEURAL FL
SK54 NO BANDS A6 Y D 6-43 BLOOD
SK32 NO BANDS A4.1 Y D 8 STOOL
SK33 NO BANDS A6 Y D 4/43;8 STOOL
SK38 NO BANDS X N D MULTI THIGH RTBX
SK44 NO BANDS A6 Y D 4 SPUTUM
SK46 NO BANDS A6 Y D 14/4 STOOL
SK49 NO BANDS A6 Y D 4 SPUTUM
SK67 NO BANDS A3.2 Y D 9 URINE
SK79A NO BANDS A6 Y D 1 BLOOD
SK79B NO BANDS A6 Y D 1 BLOOD
SK80 NO BANDS A6 Y D 4 BLOOD
SK88 NO BANDS A3.2 Y D 3;9 BAL
SK91 NO BANDS A5 Y D 8/12 BLOOD
F3 2 A3.2 E NS WATER
F7 1 A3.2 E NS AEROSOL
F19 >5 A3.2 E NS SOIL
F18 NO BANDS M E NS SOIL
T5 NO BANDS A1 V 4 PIG
T7 >5 AI V NS PIG
EUROPEAN STRAINS
Appendix
STRAIN COPIES RFLP AIDS MACDIS SEROTYPE SOURCE
12.4 1 A3.2 Y l/3mix BLOOD
12.5 1 A3.2 Y 1/8 BLOOD
12.6 NO BANDS X2 Y 1/4 URINE
8.3 1 A3 Y 4 BLOOD
9.2 1 A3 Y 4 BLOOD
DK26 2 A1 Y 8 LYMPH NODE
18.7 >5 A1 N - BLOOD
19.8 NO BANDS A1 N 6 -
19.9 NO BANDS A2 N 9 BLOOD
14.3 5 A6 V - CHICKEN
AFRICAN STRAINS
STRAIN COPIES RFLP AIDS MACDIS SEROTYPE SOURCE
23.4 NO BANDS AX Y 4/8/1 BLOOD
23.9 NO BANDS A1 Y 6 BLOOD
23.18 NO BANDS M4 Y 1B,3B BLOOD
23.44 >5 AX Y 8 BLOOD
22.4 NO BANDS HX E ALGAE
22.7 NO BANDS XI V PIG
AUSTRALIAN STRAINS
STRAIN COPIES RFLP AIDS MACDIS SEROTYPE SOURCE
20.1 2 A1 Y 4/6/8 BLOOD
20.19 NO BANDS AX N 9 SPUTUM
13.20 NO BANDS B2 V NS GOOSE
SOUTHAMERICAN STRAINS
Appendix
STRAIN COPIES RFLP AIDS MACDIS SEROTYPE SOURCE
M3164 NO BANDS Y BLOOD
T133A NO BANDS Y BLOOD
M3178 NO BANDS Y BLOOD
T104 4 A6 Y BLOOD
T177 4 A6 Y BLOOD
T151 8 I? Y
3016 5 
T238 NO BANDS
A6 Y
Y
SPUTUM
M3077 NO BANDS Y BLOOD
M3165 NO BANDS Y BLOOD
1130 6 A6 Y SPUTUM
T182 NO BANDS Y SPUTUM
3340 4 I? N SPUTUM
R1 1 I? N SPUTUM
R2 1 I? N SPUTUM
1385 1 I? N SPUTUM
1102 4 A6 N SPUTUM
M816 1 I? N SPUTUM
INE6 1 I? N SPUTUM
4480 4 A6 N SPUTUM
1541 1 I? N SPUTUM
M5JU NO BANDS N SPUTUM
M318 NO BANDS N SPUTUM
M3481 NO BANDS N SPUTUM
MHO NO BANDS N SPUTUM
4141 NO BANDS N SPUTUM
M80 NO BANDS N SPUTUM
M32 NO BANDS N SPUTUM
M l 109 NO BANDS N SPUTUM
4132 NO BANDS N • SPUTUM
4137 NO BANDS N SPUTUM
3740 NO BANDS N SPUTUM
4138 NO BANDS N SPUTUM
2941 NO BANDS N SPUTUM
3381 NO BANDS N SPUTUM
Appendix
4367 NO BANDS N SPUTUM
4545 NO BANDS N SPUTUM
3076 NO BANDS N SPUTUM
4574 >5 V CHICKEN
3280 3 V SWINE
4575 4 V CHICKEN
4576 NO BANDS V CHICKEN
3281 NO BANDS V SWINE
4742 NO BANDS V PIG
3282 NO BANDS V SWINE
4577 NO BANDS V CHICKEN
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10. DISCUSSION AND CONCLUSIONS
IS l 110 was identified because of its exceptional mobility in the strain LR541 
following an observed increase in size of the plasmid pLR20; the alteration in size of this 
plasmid was detected following analysis of banding patterns of plasmid DNA preparations 
from strain LR541. Therefore, an additional plasmid band could be observed running 
slower than pLR20. This plasmid band was designated pLR20' and its presence was 
interpreted as potentially having been caused by the acquisition of a mobile genetic 
element by pLR20.
In order to characterize both plasmids, pLR20 and pLR20', the relevant DNA bands were 
digested using BstEII and subsequently hybridized with parental pLR20 cloned into 
pUC18 (pJC70). It appeared that pLR20' generated a larger fragment (2.5Kb) than pLR20 
(2.1Kb). See Fig.8. This increase in the size of the fragment was due to the insertion of 
IS l 110 in the 2.1 Kb fragment but IS l 110 has an internal BstEII site. This results in the 
2.1 Kb fragment being replaced by one of 2.5 Kb and another of 1 Kb, the latter running as 
a doublet with an existing fragment of pLR20.
As the result of the plasmid analysis of the strain LR541, it was apparent that both pLR20 
and pLR20' were present in this culture, indicating either heterogeneity of the culture or 
carriage of both plasmids by individual cells.
Analysis of banding patterns of total digested DNA extracted from single individual 
colonies derived from LR541 using parental pLR20 plasmid as the probe confirmed the 
alteration in size of pLR20 plasmid in some colonies caused by a possible acquisition of 
an insertion sequence.
Isolation and characterization of IS l 110 and its target region was carried out by 
construction of genomic libraries of M. avium strains carrying either parental pLR20 
(MH21) or the modified plasmid pLR20' (NF38) and subsequent determination of the
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sequence of the relevant clones. Initially, a much simpler approach was chosen; cloning of 
the modified plasmid DNA rather than total digested DNA from individual colonies but 
this was stopped due to the protocol for extracting plasmid DNA being very inefficient.
The sequences of the relevant clones revealed the presence of a new insertion sequence 
(designated as IS lllO )  lacking terminal inverted repeats and flanked by 5 bp direct 
repeats corresponding to duplication of target DNA by the insertion of the element. 
However, current models for the 189## family suggest that this is not strictly a target 
duplication but results from a match between one end of the IS and the sequence at the 
target site.
Comparison of insert sites and IS ends for members of the 189## family disclosed the 
presence of a potentially significant consensus sequence as it represents a possible 
ribosome-binding site and start codon, on the complementary strand, at either side of the 
insertion sequence (T. Doran, personal communication) as discussed below. It appears 
that these elements tend to insert between the ribosome-binding site and the start codon 
of a given gene, with the element itself restoring the disrupted functions so as to pennit 
continued translation of both that gene and the complementary strand of the IS.
It may also be significant that a consequence of this strategy would be to orientate the 
transposase gene of the IS in opposition to the direction of transcription and translation 
on the target sequence.
Analysis of potential coding regions revealed the presence of an incomplete open reading 
frame lacking a stop codon within lS i7 i# . It is possible that there is an undetected 
sequencing error although the data was re-examined with this in mind; alternatively, there 
could be a missing fragment of genuine DNA at the internal EcoRl site of pUS34 clone (it 
contains the full sequence of I87iJ#). Originally, this hypothetical fragment would then 
have had to be flanked by two closely located EcoRf sites and was lost following the
168
Discussion and conclusions
digestion of lambda clones to release the inserts prior to their subcloning into pUC18 and 
M13.
However, the comparison of the nucleic acid and amino acid sequences of the regions 
flanking the imique AcoRI site within pUS34 and the same regions of the other elements 
of the 1S900 family, discloses highly conserved consensus sequences amongst all of them 
which indicates that the possibility of a genuine fragment being lost by subsequent 
digestion is rather weak.
Most likely, there could be a genuine ffameshift mutation in IS lllO , which would then 
have to rely on a stop codon in the flanking sequence for termination of translation. The 
altered C-tenninal sequence of the putative transposase presumably does not affect the 
function of this protein. Furthermore, this copy of 18777# is inserted adjacent to the 
overlapping stop and start codons of two potential ORFs, on the complementary strand in 
Fig. 19 (positions 836-839).
Comparison of the predicted products of these ORFs with the SwissProt databank yielded 
no matches of obvious significance, although a short region of homology was found with 
mercuric reductases from Staphylococcus aureus and Sti'eptomyces Uvidans.
Other elements of the 189## family have also been shown to have a second ORF (0RF2) 
on the complementary strand (Tizard et a l,  1992; Murray et a l,  1992), although attempts 
to show expression of this were unsuccessful (Tizard et a l, 1992). However, Murray et 
a l,  (1992) have demonstrated a promoter sequence adjacent to the 3' end of one 
copy of 189##, and showed that a DNA fragment containing and a fragment of 0RF2 
was capable of driving the expression of a reporter gene in mycobacteria.
The translation of ORF2, in 189##, is expected to be initiated from the ribosome-binding 
site and start codon generated by the fusion of the end of the IS with its target site, as 
discussed above. Nevertheless, the function (if any) of 0RF2 remains unclear. The results 
presented here demonstrate that 0RF2 is not essential for transposition, as it will not be
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expressed in IS ii i# . Not only is there a frameshift (relative to 1S900) in the 5' region of 
0RF2, there is an in-frame stop codon which would terminate translation after 12 amino 
acids (See Fig. 19).
It is conceivable that 0RF2 has a regulatory role as a repressor of transposition, and that 
the high degree of mobility of ISÜ 7# could be due to the absence of this product. Further 
work is required to define the actual nature of the translational (and transcriptional) 
control signals operating mM.avium.
The high mobility of IS777# was subsequently confirmed by the detection of transposition 
events without any selection pressure in random individual colonies from the same plate 
showing differences in Southern blot patterns when tested with a probe derived from part 
ofIS777#.
The low copy number of the element in LR541 and the fact that this strain has been 
extensively studied in many laboratories in different countries without identification of 
IS777# supports the hypothesis that the element has only recently acquired the ability to 
transpose at this exceptionally high frequency, most probably due to a mutation of the 
element that produced the loss of a repressor function or loss of the site recognized by the 
repressor. Another possible reason may be that the host strain has recently acquired 
IS777#, i.e. by a phage infection in the laboratory producing high initial mobility of 
IS777# due to low level of repressor function in the host cell and/or presence of 
unoccupied sites in the host.
It is also possible that a hypothetical mutation occurred in the host causing a reduction or 
complete elimination of the repression of IS777#, and therefore, possibly stimulating its 
transposition. An alternative possibility is that a rare transposition event inserted a copy 
of the element IS777#, by chance, adjacent to a strong promoter, resulting in over 
expression of the transposition functions of the element.
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In order to establish the cause of the remarkably high degree of the mobility of the 
element, further work is required which would involve the introduction of I S i i i#  into a 
different strain to investigate the degree of mobility exhibited by the element. The finding 
of a similar degree of mobility in a different strain than LR541 would indicate that the 
mobility of the element is most likely due to a mutation of the element amongst all the 
other alternatives (see above). If this was the case, IS lllO  would be potentially valuable 
for transposon mutagenesis in mycobacteria in which cells that are altered in respect of a 
specific phenotype could be selected and the affected gene identified by locating the 
position of IS iii# .
This hypothesis is further supported by the fact that the long single ORF commonly found 
in other non-motile members of the family does not have a stop codon within IS lllO  
possibly due to a genuine frameshift mutation in I S i i i#  and furthermore, the ORF2 on 
the complementary strand of I S iü #  which may have a regulatory role as a repressor of 
transposition is truncated. Thus, the absence of this product may be responsible for the 
high degree of mobility of IS i/7#.
However, if the mobility of IS777# detected in a foreign strain was much lower than for 
LR541, the other alternatives discussed above would be confirmed. In this case the 
element might be useful for the construction of artificial composite transposons 
enhancing the application of IS9##-directed transposition for the insertion of foreign 
genes into mycobacteria (England et a l, 1991; Dale et a l, 1994; Dellagostin et a l, 
1994).
The construction of mycobacterial integrative vectors based on IS777# would require 
two copies of IS777# flanking the required gene plus a selectable marker such as 
kanamycin resistance. If the construct is made using an E.coli plasmid that is not able to 
replicate in mycobacteria, transfonnation followed by plating on kanamycin-containing
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medium will select for integration of the composite transposon into the chromosome via 
transposition or cointegrate fonnation.
Therefore, the introduction of a full length copy o f IS l 110 in a different strain than LR541 
would be an aim of future work.
Initial tests of mycobacterial sti ains using the probe derived from part of IS ii i# , appeared 
to indicate that IS lllO  was not commonly found in M.avium strains, with only two strains 
from AIDS patients showing a strong degree of hybridization. However, prolonged 
exposure of Southern blots disclosed a number of strains exhibiting weakly hybridizing 
bands, and exhibiting a high degree of polymorphism among them.
These results were subsequently confirmed by using a probe derived from the whole 
sequence of IS Ü i# , which yielded a stronger signal. Later on, this probe was used with a 
large panel of 131 M. avium strains from different sources (clinical, environmental and 
veterinary). Almost 54% of the strains from all the sources exhibited sequences 
hybridizing to IS lllO  including isolates from AIDS and NON-AIDS patients and 
fuithermore, M. avium strains tested that were of the same RFLP type using pMB22 could 
be distinguished using this probe emphasizing the value of this probe in elucidating the 
epidemiology o f M, avium infections in AIDS patients.
Besides, the extensive polymorphism exhibited by M. avium strains and the finding of 
isolates from the same patient showing different RFLP patterns make 18777# an useful 
tool for identification of cases of hospital cross-infection caused by M, avium.
However, the number of IS-negative strains may be overstated so the future isolation of 
other insertion sequences will enhance the proportion of strains detected. Therefore, 
isolation of the insertion sequence partly related to 18777# which is responsible for the 
observed polymorphism was carried out by PCR technique using primers designed on 
18777#. These results showed the inability to isolate the MAPE sequence by PCR. Thus, a 
different approach to isolate this element is needed in future work which will involve the
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construction of a gene library from a M.avium strain lacking \S900, \S901 and IS lllO . 
This library will then be screened at low stringency with the full length IS7Ü # probe to 
identify clones containing the MAPE sequence.
There were differences in the serotypes of M. avium strains hybridizing to IS777#; In this 
study, the most frequent serotype of the AIDS stiains containing IS777# was serotype IB 
whereas almost all the serotypes were equally represented for NON-AIDS strains. 
However, the large number of negative and non-serotypable strains restricts the 
significance of these results. Therefore, more testing of M.avium strains is required in 
future work.
There were also significant differences in the American strains hybridizing to IS777#. 
South American contain less related sequences hybridizing to IS777# than North 
American strains which could be due to methodological differences, such as variation in 
the quality of DNA preparations, the analysis of different batches of strains at different 
times or uneffective hybridization. Alternatively, these results may indicate differences in 
the epidemiology of M.avium infection in the American continent, further analysis is 
therefore required.
Plasmid content analysis of M. avium strains obtained by hybridization with probes derived 
from the plasmids pLR7 and pLR20 showed that 83% of strains contained a pLR7-related 
plasmid and 22% carried one hybridizing to pLR20; these results are in line with previous 
reports. However, there was no correlation between plasmid content and the different 
RFLP types determined by pMB22 or ÏS777# Stability of the RFLP banding patterns 
observed when the full length of IS777# was used as the probe was confirmed by repeated 
subculture of strains over a period of 13 weeks. These results showed that there was no 
change in banding pattern in any of the strains over this period. Thus, although IS777# is a 
highly mobile element exhibiting banding patterns changes in colonies derived from the 
strain LR541 where IS777# was originally identified, the related sequences that are
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detected with this probe did not show this degree of mobility which is essential for the 
validity and usefulness of I S iü #  as an epidemiological tool.
The RFLP results obtained using IS lllO  as the probe are very much in line with a recently 
published report by Roiz et a l,  (1995) in which RFLP analysis was also used to type 75 
clinical isolates identified as M.avium. \S900 and IS Ü Ü  were used as the probes. 1S1311 
is a recently identified IS from M.avium showing 85% homology at DNA level with 
1872^5 which belongs to the 1825# family of insertion sequences and is not related to 
18777#. They demonstrated that M.avium strains exhibited marked polymorphism with 
both probes finding 19 different RFLP patterns when 187577 was used as the probe. 
Furthermore, sequential isolates from one AIDS patient also showed different patterns 
along the clinical evolution of the disease attributable to infection with multiple strains of 
M.avium.
Results obtained for the typing of M. avium strains show that both 18777# as well as 
IS7577 are useful tools in the differentiation of M.avium strains. Further work is required 
to elucidate the association (if any) between 18777# types and 187577 types. Some degree 
of independence between them would lead to the conclusion that a combination of both IS 
sequences may give even more discrimination for differentiating M. avium strains. 
Therefore, testing of the M.avium isolates analysed by Roiz el a l,  (1995) using 18777# as 
the probe will be aimed.
The recent discovery of many mycobacterial insertion sequences (see Table 2) and the fact 
that 18777# detects a large number of related elements yet to be characterized has 
underlined the importance of knowing the possible origin, exact role and evolution of 
these elements and their hosts. Initially, the presence of insertion elements in a small 
proportion o f M. avium strains as well as the consistency of 189## in M.paratuberculosis, 
indicated that the acquisition of insertion elements by the host was due most probably to
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separate events after the divergence of M.paratuberculosis and MMvium into separate 
species.
However, the results obtained with IS lllO  suggests that the ancestral version of these 
elements was acquired at an early stage in the evolution of M.avium and 
M.paratuberculosis, and that different insertion sequences have evolved more rapidly than 
the chromosome. However more evidence is needed for a better understanding of the 
function, role and how these elements originated and have dispersed among bacterial 
species and in their genetic diversity. These facts still stand as both fascinating and 
essentially open questions.
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Summary
A highly mobile insertion sequence designated \S1110 
was detected in Mycobacterium avium strain LR541 
following an observed increase in size of the plasmid 
pLR20. Genomic libraries of M. avium strains carrying 
either parental pLR20 or the modified piasmid (pLR20 ) 
were constructed and the sequence of the reievant 
ciones was determined to characterize the insertion 
sequence and the target region. IS I I I Ol s  a 1457bp 
element lacking terminal inverted repeats, and is 
related to ISPOO (from Mycobacterium paratuber- 
cuiosis), \S901 and IS902 (from M. avium) and to 
\S116 (from Streptomyces ciavuiigerus). LR541 
carries several copies of \S1110. Individual colonies 
from the same plate show differences in Southern 
blot patterns when tested with an ISfffO-derived 
probe; the ability to detect transposition events in 
random colonies, without any selection pressure, 
indicates an exceptionally high degree of mobility, 
which will be invaluable for transposon mutagenesis. 
Analyses of M. avium isolates from human, veterin­
ary, and environmental sources showed that \S1110- 
hybridizing sequences are present in some M. aviuni 
isolates but they were not detected in strains of other 
mycobacterial species. The polymorphism exhibited 
in M. avium isolates suggests that this element may 
be useful for molecular epidemiological studies of 
M. avium infections. :
Introduction
D isease cau sed  by Mycobacterium avium  Is the m ost 
com m on d issem inated infection associa ted  with acquired
Received 22 December, 1993; revised 28 February, 1994; accepted 3 
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ans Hospital, 4300 West 7th Street, Little Rock, Arkansas 72205, 
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(0483) 300800, ext. 2653; Fax: (0483) 300374.
immune deficiency syndrom e (AIDS) in Europe and the 
USA. R ates of infection a s  high a s  50% have been  
reported, with certain serotypes, notably 1, 4 and .8, 
being the m ost prevalent (Young ef à/.'; 1986; Portaeis, 
1987; Horsburgh, 1992; McFadde'n e i al., 1992). How­
ever, the source and route of infection in such  patients 
atp..unknow n. M ethods for typing M. avium  isolates 
b a sed , on biochem ical characterization and serotyping 
are inadequate for such investigations. Previous stud ies 
(M cFadden e t al., 1987a,b; H am pson e t al., 1989) have 
show n that the probe pMB22 can be used  in a  restriction 
fragment-iength polymorphism (RFLP) typing system , 
and furthermore that M. avium  strains can  be distin­
guished on the bas is of po ssess ion  of insertion 
sequences: type A/i, which carries \S 9 0 i, ca u se s  d ise a se  
in anim als and birds, while strains of RFLP type A lacking 
\S901  are more cornmoniy isolated from environm ental 
sources and also from AIDS patients (Kunze e t a i, 1992).
However, the limited extent of the polymorphism se en  
with pMB22 restricts its use fu lness for epidem ioiogicai 
stud ies of the sp read  of M. avium  infection, in this paper, 
w e describe the isolation of a  further insertion seq u en ce , 
\S1110, which is related to the IS900 family but show s a  
rem arkable degree of mobility, since transposition events 
can  be detected by analysis of random colon ies w ithout 
any form of selection. This degree of mobility will m ake 
the e lem ent valuable «for epidem ioiogicai stud ies and 
transposon m utagenesis, a s  well a s  enhancing the appli­
cation of iSgOO-directed transposition for the insertion of 
foreign g en es into m ycobacterià (England ef al., 1991; 
Dale e ta i ,  1%94; Dellagostin ef a/.? 1993).
Results and Discussion
Identification of the presen ce of /S1110
M. av/um strains from AIDS patients commonly harbourone 
or more plasm ids, and it h as  been  suggested  that th ese  
p lasm ids m ay play a  role in virulence and pathogenicity 
(M eissner and Faikinham, 1986; Crawford and B ates, 
1986). During a  study of piasm id incidence in AIDS-derived 
M, avium  strains, a  change w as observed in the plasm id 
content of one strain called LR541. This strain has been  
well characterized (Crawford and B ates, 1986), and is 
known to carry three plasm ids: (i) pLR20, (ii) a  plasm id 
related to pLR7, and (ill) a  large plasm id, not well character­
ized. The observed change cons isted  of an additional band
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on ag aro se  gel e lectrophoresis of plasm id DNA extracted 
from LR541; this band ran slower than pLR20, but 
hybridized to a  pLR20 probe (result not shown). This 
plasm id band w as therefore des ignated  pLR20', and the 
result w as interpreted a s  potentially having been  cau sed  
by the acquisition of a  mobile genetic e lem ent by pLR20. 
The observation of an apparent transposition occurring 
without any form of selection being u sed  ind icates that the 
mobility of the e lem ent concerned is much greater than is 
the ca se  for m ost transposable e lem ents, and w as there­
fore worthy of further investigation.
However, it w as apparent that both pLR20 and 
pLR20' w ere presen t in this culture, indicating either
heterogene ity of the culture or carriage of both plasm ids 
by individual ceils, in order to obtain pure pLR20', a 
sam ple of LR541 w as p lated out to obtain single colo­
nies. A se lection of single colonies w ere picked and 
grown up in 7H9 broth. Southern blots of digested  total 
DNA from each  culture w ere probed with pLR20. Three 
types of pattern w ere seen , correspond ing to either 
pLR20 or pLR20', or to a  mixture of the two forms. O ne 
colony (designated MH21) carrying pLR20, and one 
colony (designated NF38) carrying the altered plasm id 
pLR20', w ere picked for further analysis. A third colony 
(NF9, showing both forms) w as also obtained and is 
referred to later.
TGCTCArTGCTCCGTCCTTAACTTCGTAGCTGCAGTTACTTCCTGTTGTTACGnGTGCTGTGACCCCGGGTGGCGCGGGTGACGCTGCA 9 0  
a c c a g T a a c g a g g c a g g a a T T c a a g c a T c c a c c T c a a T g a a g c a c a a c a a T g c a a c a c g a c a c T g g g g c c c a c c c c g c c c a c T c c g a c g T
TCGCTCTTGCCGGCCTGATGGTGCGGCTTGAAAGGACTGCCGCCCGGCTGCCTGGACTTCTCTGGCCGCTGATTGAGATCTGCGATCTGC 1 8 0  
AGCGAGAACGGCCGGACTACCACGCCGAACTTTCCTGACGGCGGGCCGACGGACCTGAAGAGACCGGCGACTAACTCTAGACGCTAGACG
H L A G L S V G N H V D D K R I G G S H E A D Q L  
TCGCTTGTTTAAGGAAATGCTGGCGGGGTTGTCCGTGGGGAACATGGTGGACGACAAGCGAATAGGAGGTTCGATGGAGGCGGACCAGTT 2 7 0  
AGCGAACAAATTCCTTTACGACCGCCCCAACAGGCACCCCTTGTACCACCTGCTGTTCGCTTATCCTCCAAGCTACCTCCGCCTGGTCAA
U A G A D V 6 K E H H U V C V V D D K G T A V L 5 R K L T N  
GTGGGCTGGTGCGGATGTCGGCAAGGAGCACCATTGGGTCTGCGTTGTCGACGACAAGGGCACCGCGGTGTTGTCGCGCAAGCTCACCAA 3 6 0  
CACCCGACCACGCCTACAGCCGTTCCTCGTGGTAACCCAGACGCAACAGCTGCTGTTCCCGTGGCGCCACAACAGCGCGTTCGAGTGGTT
D E Q P I R E L I D E I D A L G C D V S W T V D L T T V Y A  
CGATCAACAACCGATCCGAGAACTCATCGATGAAATCGACGCTCTGGGCTGCGACGTGTCCTGGACGGTGGATTTGACCACGGTGTACGC 4 5 0  
GCTACTTGTTGGCTAGGCTCTTGAGTAGCTACTTTAGCTGCGAGACCCGACGCTGCACAGGACCTGCCACCTAAACTGGTGCCACATGCG
S L L L T V L A O A G K S V R Y L T G R A V M Q A S V T Y R  
CAGCTTGCTGrTGACCGTGCTCGCCGATGCTGGCAAGTCGGTGCGGTATCTGACCGGCCGTGCTGTCTGGCAGGCTTCGGTGACCTACCG 5 4 0  
GTCGAACGACAACTGCCACGAGCGGCTACGACCGTTCAGCCACGCCATAGACTGGCCGGCACGACAGACCGTCCGAAGCCACTGGATGGC
G G E A K T O A K D A R V I A D Q S R H R G A D L P V L H P  
CGGTGGGGAAGCCAAGACCGATGCCAAGGACGCACGGGTGATCGCTGATCAGTCGAGGATGCGTGGTGCTGATCTGCCGGTGCTGCATCC 6 3 0  
CCCACCCCTTCGGTTCIGGCTACGGITCCrGCCTGCCCACTAGCGACTAGTCAGCTCCTACGCACCACGACTAGACGGCCACGACGTAGG
D D D L I T E L R H L T A H R A D L V A D R T R T I H R L R  
CGACGACGATTTGATCACCGAACTGCGGATGCICACCGCGCATCGCGCCGATCTGGTCGCTGATCGCACCCGCACCATCAACCGGCTGCG 7 2 0  
GCTGCTGCTAAACTAGTGGCTTGACGCCTACGAGTGGCCCGTAGCGCGGCTAGACCAGCGACTAGCGTGGGCGTGGTAGTTGGCCGACGC
H Q L I A V C P A L E R V A Q L T Q D R G W V V L L T R Y Q  
CCACCAACTCATCGCCGTATGCCCGGCATTGGAACGCGTTGCCCAACTGACCCAGGACCGCGGCTGGGTGGTGCTGCTCACGCGGTATCA 8 1 0  
GGTGGTTGAGTAGCGGCATACGGGCCGTAACCTTGCGCAACGGGTTGACTGGGTCCTGGCGCCGACCCACCACGACGAGTGCGCCATAGT
R P K A I R H S G V S R L T K H L G D A G V R H A A T I A A  
ACGACCGAAAGCCATTCGCCACAGCGGTGTCTCGCGCCTGACGAAGATGCTCGGCGACGCCGGCGTGCGCAATGCGGCCACGATCGCCGC 9 0 0  
t g c t g g c t t t c g g t a a g c g g t g t c g c c a c a g a g c g c g g a c t g c t t c t a c g a g c c g c t g c g g c c g c a c g c g t t a c g c c g g t g c t a g c g g c g
A A V T A A K S O T V R L P G E D V A A G L V A D  L A G E V  
CGCCGCGGTAACCGCTGCCAAATCGCAGACGGrGCGCCTGCCCGGCGAAGACGTCGGCGCCGGACTCGTCGCCGACCTGGCCGGGGAGGT 9 9 0  
GCGCCGCCATTGCCGACGGTTTAGCGTCTGCCACGCGGACGGGCCGCTTCTGCAGCGGCGGCCTGAGGAGCGGCTGGACCGGCCCCTCCA
V A L D D R t K S T D A D I E D R F R R H P A A E V I T S L  
GGTTGCCCTCGATGACCGCATCAAATCCACCGACGCCGACATCGAGGACCGATTTCGCCGCCATCCCGCAGCCGAAGTGATCACCAGCCT 1 0 8 0  
CCAACGGGAGCTACTGGCGTAGTTTAGGTGGCTGCGGCTGTAGCTCCTGGCTAAAGCGGCGGTAGGGCGTCGGCTTCACTAGTGGTCGGA
P G H G F R L G A E F L A A V G D P T L I G S A D Q L A A U  
GCCCGGCATGGGTTTCCGACTCGGCGCGGAATTCCTCGCCGCCGTCGGCGATCCCACCCTGATCGGCTCTGCCGACCAACTCGCCGCCTG 1 1 7 0  
CGGGCCGTACCCAAAGGCTGAGCCGCGCCTTAAGGAGCGGCGGCAGCCGCTAGGGTGGGACTAGCCGAGACGGCTGGTTGAGCGGCGGAC
A G L A P V S R D S G K R T G R U H T P K R Y S R R L R R V  
GGCCGGACTGGCCCCGGTCTCGCGCGACTCCGGAAAACGCACCGGGCGCCTGCACACGCCCAAGCGCTACAGCCGACGGCTGCGCCGGGT 1 2 6 0
c c g g c c t g a c c g g g g c c a g a g c g c g c t g a g g c c t t t t g c g t g g c c c g c g g a c g t g t g c g g g t t c g c g a t g t c g g c t g c c g a c g c g g c c c a
H Y H S A L T A I R C D P H S K A Y Y O R K R D E G X R P I  
GATGTACATGTCCGCCCTGACCGCGATCCGCTGCGACCCGCACTCCAAGGCCTACTACCAGCGCAAACGAGACGAAGGAAAACGACCGAT 1 3 5 0
c t a c a t g t a c a g g c g g g a c t g g c g c t a g g c g a c g c t g g g c g t g a g g t t c c g g a t g a t g g t c g c g t t t g c t c t g c t t c c t t t t g c t g g c t a
R T H V L Y A L I R D H R T U O P E S P P
P A T L C L A R R V P T S F T P S S V T T A P G N P H H P R  
CCCGGCCACCCTCTGCCTGGCGCGACGCGTACCAACGTCCTTTACGCCCTCATCCGTGACAACCGCACCTGGCAACCCGAATCACCCCCG 1 4 4 0  
GGGCCGGTCGGAGACGGACCGCGCTGCGCATGGTTGCAGGAAATGCGGGAGTAGGCACTGTTGGCGTGGACCGTTGGGCTTAGTGGGGGC
*  G R
1 T K S A A *
S P S R R L D I F I E S P F A I Y A L V S G V G G P A V G A  
ATCACCAAGICGGCGGCTTGACATCTTCATTGAGAGTC CTTTCGCGATATATGCGTTGGTCAGTGGGGTTGGCGGGCCAGCAGTTGGCGC 1 5 3 0  
t a c t g g t t c a g c c g c c g a a c t g t 'a g a a g t a a c t c t c a g g a a a g c g c t a t a t a c g c a a c c a g t c a c c c c a a c c g c c c g g t c g t c a a c c g c g
D G L R R S S H K H  < - - '0 R F 2 '
I V L A V V V D D O D D K K A F G G R *  
CATAGTGCTGGCCGTGGTGGTCGACGACGATCACGACAAGAAGGCGTTCGGCGGTCGGTGAGTAGCCGATGAACCGGCTGCTTTTGCCCG 1 6 2 0  
GTATCACGACCGGCACCACCAGCTGCTGCTACTGCTGTTCTTCCGCAAGCCGCCAGCCACTCATCGGCTACTTGGCCGACGAAAACGGGC
Fig. 1, Sequence of \S1110 and immediate 
flanking sequence. The direct repeats 
(TCCTT) flanking IS/HO are at positions 
15-19 and 1477-1481. The amino acid 
sequences shown are those of the predicted 
transposase, together with that of the frame- 
shifted region for comparison, and the trun­
cated 0RF2 on the complementary strand. 
The overlapping stop/start codons in the 
complementary strand of the host sequence 
are at positions 4-7; the fuii sequence of the 
corresponding ORFs is not shown. The 
sequence shown, and additional flanking 
sequence, has been deposited in the 
EMBUGenBank/DDBJ Nucleotide Sequence 
Data Libraries under the accession numbers 
Z23003 and Z28969.
Mobile insertion sequence from Mycobacterium avium 719
1481
NF38  C A T T G C T C C G iT C C T g ]  IS1110 BCCCygfT C G C G A T A T A T -------
MH21 C A T T G C T C C G ffiÇ C T S T C G C G A T A T A T
FIg. 2. Comparison of the DNA sequence 
before (MH21) and after (NF38) insertion of 
IS firo . The numbers refer to the positions in 
Fig. 1.
Cioning and sequencing of the putative insertion 
sequ en ce (IS)
The preliminary experim ents show ed that the presum ed IS 
elem ent cau sed  an increase in the s ize of a  single Pst\ 
fragm ent of pLR20, from c. 1.7 kb to 3 .7  kb. DNA libraries 
of Ps/i-cut fragm ents from the two individual colonies 
(MH21, carrying pLR20, and NF38, carrying pLR20') 
w ere established a s  described in the Experimental proce­
dures, using lam bda gtIO with B coR I-P sfi adaptors. 
T hese  libraries w ere screened  using pLR20 a s  the 
probe, and clones w ere se lec ted  containing inserts of the 
appropriate size. The inserts from the se lected  clones 
w ere excised with EcoRI for recloning in pUC18. This 
gave two fragm ents with the NF38 clone (owing to the 
p resence of an internal E co Ri site within the insertion 
sequence; s e e  below). Two plasm id ciones w ere there­
fore obtained from NF38, des ignated NF3881 (1.8 kb frag­
ment) and NF3882 (1.9 kb fragment); the plasm id clone 
from MH21 w as des ignated MH216, and contained a  
1.7 kb insert. Each insert w as seq u en ced  (using piasm id 
sequencing and Ml 3 subciones); the join betw een 
NF3881 and NF3882 w as subsequently  confirmed by 
seq u en ce  analysis of a  fuil-iength plasm id clone.
The relevant portion of the seq u en ce  derived from NF38 
is show n in Fig. 1. Com parison with the seq u en ce  derived 
from MH21 (Fig. 2) confirms the p resence  of a  DNA insert 
of 1457 bp in NF38, with an apparent duplication of a  5 bp 
target seq u en ce  (TCCTT, se e  below). W hen this inserted 
seq u en ce  w as com pared to the EMBL databan iq hom o­
logy of approximately 60% w as detected  with each  of the 
following elem ents; IS900 from Mycobacterium paratuber- 
culosis (Green e t al., 1989), IS991/IS902 from M. avium
(Kunze e t al., 1991; Moss e t al., 1992), and iS f  15 from 
Streptom yces ciavuiigerus (Leskiw e ta i ,  1990).
It is clear, therefore, that the inserted seq u en ce  is an 
e lem ent of the iS909 family (designated IS 1110), 
although the homology is not great enough to ca u se  
cross-hybridization under the stringent conditions routi­
nely used in our laboratories. In com mon with the other 
m em bers of this family, 181110 does not have inverted 
repeat ends. The p resence of a  directly repeated sequence 
flanking the insertion e lem ent is not a  standard  feature of 
this group of e lem ents. However, current m odels for this 
family suggest that this is not strictly a  target duplication 
but results from a  match betw een one end of the IS and 
the sequence  presen t a t the target site.
The similarity betw een th e se  e lem ents is m ost m arked 
at their ends, and in the target se q u en c es  (Fig. 3). 
IS 1110 conforms to the con sen su s se q u en c es  described 
previously for this family of e lem ents (Green e t al., 1989; 
Leskiw e t al., 1990; Kunze e t al., 1991; M oss e t al., 
1992). This consensus seq u en ce  is potentially significant 
a s  it represents a  possible ribosome-binding site and 
start codon, on the com plem entary strand, at either side 
of the insertion seq u en ce  (T. Doran, personal com m un i­
cation); in the sequence  show n in Fig. 1, there are over­
lapping start and stop codons at positions 4 -7 ,  each  of 
which is associated  with a  potential open reading fram e 
on the com plem entary strand, a s  d iscu ssed  below. It 
appears that th ese  e lem ents tend to insert betw een the 
ribosome-binding site and the start codon of a  given 
gene, with the e lem ent itself restoring the disrupted func­
tions so  a s  to perm it continued translation of both that 
g en e  and the com plem entary strand of the IS. It may
I S l l l O CATTGCTCCG TC C TT CATTGAGAG T C C T T T
I S 9 0 2 CATGATCAATT TC C TT pZ M 22 CATTGAGAT T C C T T T
CATTTACAGT TC C TT P Z M 25 CATTGAGAT T C C T T T
1 8 9 0 1 CATGCGCTGAT TC C TT p U S 4 1 0 CATTGAGAT TC C T T T
CATTGGTGGCT TC C TT P U S 4 1 1 CATTGAGAT TC C G TT
I S 1 1 6 CATGGTCGG TCCCT p I J 7 0 2 CATTGAGAT TCTCCTGG
I S 9 Q 0 CATGTGGTGT TC C TT pM B 22 CATTGAGAAT C TC C TTT
CATGTGTT T C C TT PM B 15 CATTGAGAAT CCCCTTA
CATGGTGG TC C TT pM B 55 CATTGAGAAT CCCCTTG
CATGACGA TC C TT p M B J2 CATTGAGAAT CTCCTTG
CATGTGG 
* * *
T C C TT
* * * * *
p M B J3 CATTGAGAAT
* * * * * * * *
C TCCTTC
* * * * *
C O N S E N SU S: CAT---------------
S I A ---------------
TC C TT
AGGAA
CATTGAGA—  
GTA A C TC T—
-T C C T T
-AGGAA
Fig. 3. Comparison of insert sites and iS ends 
for members of the IS900 family. Data taken 
from the foilowing sources: Green ef al.
(1989); Leskiw etai. (1990); Kunze etai. 
(1991); Moss etai. (1992). The distinction 
between iS and target sequences is not 
precisely defined in most cases, and has been 
modified from the original reports to optimize 
the alignment. The underlined sequences in 
the complementary strand of the consensus 
represent the putative ribosome-binding sites 
and associated start codons, as referred to in 
the text.
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also be significant that a  consequence of this strategy 
would be to orientate the transpo sase  gene of the IS in 
opposition to the direction of transcription and translation 
on the target sequence.
Analysis of potential coding regions
Analysis of the seq u en ce  d iscloses the p resence of a  
single open reading frame (ORF), a s  is found in other 
m em bers of this family; this is thought to code for trans­
position functions, and expression of this seq u en ce  from 
\S900  h as been  dem onstrated (Tizard e t al., 1992), How­
ever, there does  not appear to be a  stop codon within 
\S1110  in this reading frame. It is possible that there is 
an undetected sequencing error (although the da ta  have 
been  re-exam ined with this in mind); alternatively, there 
could be a genu ine frameshift mutation in IS 7170, which 
would then have to rely on a  stop codon in the flanking 
seq u en ce  for term ination of translation. In the exam ple 
presented  here, this would add 46 amino acids to the
C-term inus of the protein (com pared to IS900), giving a 
predicted product of 50215kD a.
The altered C-term inal seq u en ce  of the putative trans­
p o sa se  presum ably does not affect the function of this 
protein. However, other e lem ents of the IS900 family 
have been  show n to have a  second  O RF (0R F2) on the 
com plem entary strand (Tizard e ta i., 1992; Murray e t a i ,  
1992), although attem pts to show  expression of this were 
unsuccessful (Tizard eta i., 1992). However, Murray eta i. 
(1992) have dem onstrated a  promoter seq u en ce  {Pan) 
adjacent to the 3' end of one copy of IS900, and show ed 
that a  DNA fragm ent containing Pan and a  fragm ent of 
ORF2 w as capable of driving the expression of a  reporter 
gene in m ycobacteria. The translation of 0R F 2 , in iSOOO, 
is expected to be initiated from the ribosome-binding site 
and start codon generated  by the fusion of the end of the 
IS with its target site, a s  d iscu ssed  above. N evertheless, 
the function (if any) of 0R F 2  rem ains unclear. The results 
p resen ted  here dem onstrate that 0 R F 2  is not essential for 
transposition, a s  it will not be exp ressed  in IS 1110. Not
IS9QQ
1 S 9 0 1I sum i s m o
isaQ.0
1 S 9 0 1
I S U 6
I S l l l O
IS9Û Ûi s s i l
I S 1 1 6
I S l l l O
p iv
I S 9 0 0  
I S  9 0 1  
I S l i i  
I S l l l O
I S 9 0 0
I S 2 0 1
I S U 6
I S l l l O
H-------TVTEVW AQPV--------------------WAGVDAGKADHYCMVINDDAQRLLSQRVANDEAAL
M-------AEP----------- DRV-------------------WVGIDVGKSTHHACAIDDTGKWWSKKIPNEQAAI
L-------STRH D R I------------------- WVGIDAGKGHHWAVAVDADGETLFSTKVINDEAQV
MLAGLSVGNHVDDKRIGGSHEADQLWAGADVGKEHHWVCWDDKGTAVLSRKLTNDEQPI* * * * * *  ; :
LELIAAVTTLADGGEVTWAIDLNAGGAALLIALLIAAGQRLLYIPGRTVHHAAGSYRG-E 
EDLIAQGGRIAN— HW WAIDLTSRRRRLLIAVLLSAKAEWYVPGRTVNTMSHAFRG-E 
L T L I-E T A R E R E — EVRWAVDISGRASTLLLALLVAHGQNWYVPGRTVNRHSGAYKG-E 
R E L ID E ID A L — GCDVSWTVDLTTVYASLLLTVLADAGKSVRYLTGRAVWQASVTYRGGE 
* *  *  *  * ;  * *  *  : :  ;  *  * *  *  ;  ; *  *
g k t d a k d a a iia d q a r m r - h d l q p l r a g d d i a v e l r i l t s r r s d l v a d r t r a i e p n a r p a
GKTDAKDARVIAETARHR-RDLSPWPGEDLVAELRSLTAYRSDLMADWVRGVNRVRSML
g k t d a k d a r v ia d q a r m r - r d f a p l d r p p e l v t t l r l l t n h r a d l i a d r v r l i n r l r d l l
AKTDAKDARVIADQSRMRGADLPVLHPDDDLITELRMLTAHRADLVADRTRTINRLRHQL
* * * * * * * ; : * * ; :  *  ; *  * ; ; ; j * *  * *  * * * : * * ;  *  ; : :
KTDKQDAILLA
AGILSALERAFDYNKSRAALILLTGYQTPDALRSAGGARVAAFLRKRKAR— NADTVAAT 
TAIFPALEAAFDYST-RAPLILVSAMCTPGEIRSAKRAGVIKHLRKNRAWPNNIDTIADK 
TGICPALERAFDYSAAKGPWMLTEYQTPAALRRTGVKRLTTWLGRRKVR— DADTVAAK 
lAVCPALERVAQLTQDRGWWLLTRYQRPKAIRHSGVSRLTKMLGDAGVR— NAATIAAA 
: * * * :  :
ALQAAÏJAQHSIVPGQQLAATWARLAKEVMALDTEIGDTDAMIEERFRRHRHAEIILSMP 
GLAAAAGQIITLPG EAGTAALIKQLAARLLDLDRQIKDIDKQITNKFREHPSAAIIESMP 
AIEAARTQQW LPGEKRATKLVCDLAHQLLALDERIKDNDREIRETFRTDDRAEIIESMP
Av t a a k s q t v r l p g e d v a a g l v a d l a g e w a l d d r i k s t d a d i e d r f r r h p a a e v i t s l p  
■ **  * ! * * ! ! : * * : * * * : * * * * •  * * * *
Fig. 4. Alignment of the putative transposases. 
See the text for references. The \S902 trans­
posase is not shown as it is virtually identical 
to that of IS901. Regions marked 1 and 2 are 
those referred to in the text. Asterisks indicate 
residues present in ail four sequences, and 
colons mark positions where the \S1110 
product matches two of the other three 
sequences. The vertical arrow indicates the 
approximate position of the inferred frameshift 
in \S1110. The short sequences marked piv 
are derived from the pilin inversion genes of 
M. lacunata and M. bovis (Fulks etai., 1990; 
Marrs et al., 1990). The products of the latter 
two genes are identical in these regions.
1 5 9 0 0  g f g v i l g a e f l a a t g g d m a a f a s a d r l a g v a g l a p v p r d s g r is g n l k r p r r y d r r l l r a
1 5 9 0 1  g m g p h l g a e f l v it g g n m a a f t n p g r l a s f a g l v p v p r d s g r it g n l h r p k r y n r r l r r v  
I S 1 1 6  g m g p v l g a e f v a iv g - d l s g y k d a g r l a s h a g l a p v p r d s g r r t g n y h r p q r y n r r l r w l  
I S l l l O  g h g f r l g a e f l a a v g - d p t l i g s a d q l a a w a g l a p v s r d s g k r t g r l h t p k r y s r r l r r v
* ; * ; * * * * *  ; ; * ; ; * *  * * * ; * *  * * * *  ; *  ; * * *  * * * ; ;  p iv  LASYAGLAPRHHQSG
1 5 9 0 0  c y l s a l v s i r t d p s s r t y y d r k r t e g k r h t q a v l a l a r r r l n v l w a m l r d h a v y h p a t - t
1 5 9 0 1  f y l a a l s s l k ie g p s r a f y d r k r s e n h ih t q a l l a l a r r h v d v l w a l l r d n r t w q p q q p t
I S 1 1 6  F YMSAQTAMMRPGPSRDYYLKKRGEGLLHTQALLSLARRRVDVLWAMLRDKRLFTPAPPV
I S l l l O  MYHSALTAIRCDPHSKAYYQRKRDEGKRPIPATLCLARRVPTSFTPSSVTTAPGNPNHPR 
*  • * •  *  ! *  :  *  *  *  :  *  *  * * * *  T *
1 5 9 0 0
1 5 9 0 1  
I S i iS .  
I S l l l O
TAAA---------------------
VAAA---------------------
^ ^  — — —
S P S R R L D IF IE S P F
r
only Is there a  frameshift (relative to IS900) in the 5' 
region of 0R F 2 , there is an in-frame stop codon which 
would term inate translation after 12 amino acids (see  
Fig. 1). it is conceivable that 0 R F 2  has a  regulatory role 
a s  a  repressor of transposition, and that the high degree 
of mobility of IS 7110 could be due to the ab sen c e  of this 
product.
The relationship betw een IS 7 7 70 and the other m em ­
bers of the IS900 family is further dem onstrated by align­
m ent of their putative tran sp o sases  (Fig. 4). The position 
of the putative frameshift is evident from this com parison, 
a s  the conserved region following that point is presen t in 
the ( —1) reading frame in IS 7 7 70 (see Fig. 1). Two highly 
conserved regions are of particular interest. The presence, 
in region 1, of the motif D --D A , which is one of the m ost 
highly conserved features of reverse transcriptase 
enzym es (Johnson e t al., 1986; Xiong and E ickbush, 
1988) has been  previously identified in other m em bers of 
this family of insertion seq u en ces  (Leskiw e t al., 1990; 
Kunze e t al., 1991). Regions 1 and 2 are also closely 
related to se q u en c es  found in the proteins responsible 
for inversion of the DNA region containing the piiin struc­
turai g en es  of Moraxella bovis and Moraxella lacunata 
(Marrs e t a i,  1990; Fulks e t al., 1990) (see  Fig. 4), 
suggesting a  relationship betw een transposition of 
the IS900 family and inversion of the pilin g en es  in 
Moraxella. However, there is little homology ev ident in the 
rem ainder of th ese  proteins.
As m entioned previously, this copy of IS 7 7 70 is inserted 
adjacent to the overlapping stop and start codons of two 
potential ORFs, on the com plem entary strand in Fig. 1 
(positions 4 -7 ) . Com parison of the predicted products of 
th ese  O RFs with the Sw issProt databank yielded no 
m atches of obvious significance, although a  short region 
of homology w as found with mercuric reduc tases from 
Staphylococcus aureus and Streptom yces lividans (data 
not shown).
Mobile insertion sequence from Mycobacterium avium 721
indeed occurred (Fig. 5B): 1 out of 4 colonies derived 
from NF38 had apparently acquired an extra copy of the 
element, a s  had 3 out of 6 colon ies from MH21 and 1 out 
of 4 colonies from NF9. Furthermore, the three MH21 
colonies showing transposition had different banding 
patterns and therefore are not merely re-isolates of the 
sam e clone. Thus, of the small num ber of colon ies picked 
at random, betw een 25 and 50% show ed ev idence of 
transposition of IS 7 710.
A com parison of Figs 5A and 5B show s that one band in 
the NF38 and MH21 clones appears to hybridize to both 
probes, and that this band differs in size betw een the 
MH21 clones (carrying pLR20) and the NF38 clones 
(carrying pLR20'); both bands are seen  in the NF9 clones 
which carry both forms of the plasm id. This ind icates that 
this is the sam e DNA fragment, detected by both probes, 
and not merely a  coincidence. The detection of this frag­
ment by the 18 7 7 70 probe indicates that the pLR20
I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16
23.1 V,
9.4 —
6.6 —
4.4 —
2.32.0
I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Mobility of /S 1110
The identification of 187 7 70 from a  spon taneou s 
unse lected event affecting pLR20 prompted us to look 
further at the exceptionally high degree of mobility appar­
ently exhibited by this elem ent. Each of the three single­
colony isolates (MH21, carrying pLR20; NF38, carrying 
pLR20': and NF9, showing both plasm id forms) w ere 
plated out, and single colonies from each  plate were 
picked for DNA extraction and analysis by 8outhern blot­
ting of PvuW digests of total DNA. W hen probed with 
pLR20, the patterns indicated that no further variation in 
the structure of pLR20 had occurred during this p rocess 
(Fig. 5A).
However, w hen a  probe derived from 18 7 7 70 w as used, 
it w as evident that further transposition of 187 7 70 had
23.1 — _  .9.4 —6.6 —
4.4 —  —
IB
Fig. 5. Demonstration of the mobility of \S1110by Southern blotting 
of Pvull-digested DNA from cultures derived from individual 
colonies. 1, lambda H/ndlll markers; 2, NF38, uncut; 3-6, individual 
colonies of NF38; 7-12: f^H21; 13-16: NF9. A. probed with pLR20; 
B, probed with IS 1110.
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plasm id In MH21 already carried a  copy of the IS elem ent 
before the transposition event creating pLR20' by Insertion 
of (a second copy of) \S1110. On the other hand, the 
pLR20 probe clearly does not detect all the fragm ents 
carrying 187 7 70. It m ust be s tressed  that the pLR20 
probe used  w as not derived from the plasm id In MH21, 
but from a  recom binant plasm id (pJC70), constructed 
before the start of this project (Hellyer e t al., 1991). A 
restriction m ap of pJC 70 show s that it does not cany  
18 7 7 70. We can conclude that pLR20 acquired one copy 
of 18 7 7 70 during the period betw een the construction of 
pJC 70 and the Initial observations described In this 
paper
T hese  results, showing that transposition of 18 7 7 70 
can be detected by examining random colon ies without 
any form of selection. Indicate a  remarkably high degree 
of mobility of this element. The e a se  with which trans­
position can be obtained will m ake 18 7 7 70 extremely 
valuable for transposon m utagenesis In mycobacteria, 
and for the construction of com posite transposons 
for Insertion of foreign g en es Into mycobacterial 
chrom osom es.
Occurrence and origin of /S 1110
A curious feature of the detection of 18 7 7 70 In LR541 Is 
that this strain of M. avium  h as been stud ied In many 
laboratories In different countries, w ithout this e lem ent 
having been  detected. It seem s likely, therefore, that 
som e recent change In Its structure has occurred to render 
It more mobile. An alternative possibility Is that a  rare trans­
position event Inserted a  copy of the elem ent, by chance, 
adjacent to a  strong promoter, resulting In overexpression 
of the transposition functions of the elem ent. The data 
shown In Fig. 5B Indicate an ability to transpo se  In a 
replicative m anner; the relatively low copy num ber 
supports the hypothesis that the e lem ent h as  only recently 
acquired the ability to transpo se  at this exceptionally high 
frequency. In addition, in the ab sen c e  of single-colony 
Isolation, random replicative transposition would lead to 
heterogene ity In both the location and the num ber of the 
extra copies; In this situation, small differences In growth 
rate a s  a consequence of the extra copies of the Insertion 
seq u en ce  will Impose constraints on the accum ulation of 
the element.
In order to Investigate the occurrence of 187 7 70, DNA 
sam ples from 11 additional strains of M. avium, together 
with strains of M. txjvis, M. tuberculosis, M. xenopi, 
M. kansasii, M. gordonae, and BCG were d igested with PvuW 
and 8outhem  blots w ere probed with 18 7 7 70 (Fig. 6A). We 
did not detect any related seq u en ce  In mycobacterial 
species other than M. avium, am ongst the M. avium  
Isolates, only two show ed strong hybridization, with a 
single band In each  c a se  (tracks 3, 14). W hen a further
A I 2 3 4  5 6 7 8 9 10 II 12 13 14 15 16 17 18 19
23.1
l:i
4.4  —
IB
0.6
B I 2 3 4  5 6 7 8 9  10 II 12 13 14 15 16 17 18 19
I
Fig. 6. Occurrence of ISf MO and related elements. DNA samples 
were digested with PvuW, and Southem blots were probed with 
ISf MO. (A) and (B) are the same filter, using different exposure 
times. Identity of samples: 1, lambda H/ndlll marker; 2, M. avium 
LR541; 3-9, M. avium isolates; 10, BCG Pasteur; 11,
M. tubercuiosisr, 12, M. gordonae\ 13, M. kansasii', 14 and 15,
M. avium, 16, M. tx)vis', 17, 18, M. avium, 19, M. xenopi. The M. 
avium isolates were from the following sources: blood isolates from 
AIDS patients (tracks 2-4 , 14, 17, 18); urine from AIDS patient 
(15); clinical isolate from non-AIDS patient (5); environmental 
isolates (6-8); veterinary isolate (9). The other mycobacterial 
species (except BCG) were all clinical isolates.
24 M. avium  isolates w ere tested , we detected  two more 
strains that hybridized to 187 7 70 (results not shown). 
This ind icates that 18 7 7 70 itself is comparatively uncom ­
mon in M. avium  isolates in general.
However, prolonged exposure of this blot disclosed the 
p resence  of weakly hybridizing bands in m ost of the 
M. avium  sam ples, presum ably owing to the p resen ce  of 
yet another e lem ent of the 18900 family (Fig. 6B). A 
significant feature of this hybridization is the degree of 
polymorphism exhibited, which is far greater than that 
se en  with pMB22 (and approaching the extent of poly­
morphism detected  in M. tuberculosis with \S6110/986  
(Herm ans e t al., 1990; Zainuddin and Dale, 1989). We 
consider, therefore, that this insertion seq u en ce  may be 
capable of a  high degree of discrimination betw een 
M. avium  strains, which would m ake it extremely valuable 
a s  an epidem iological tool for studying the origins of 
M. avium  infections in AID8 patients.
Mobile insertion sequence from Mycobacterium avium 723
Experimental procedures
Preparation of m ycobacterial DNA
The original strain LR541 was grown on slants of 
Low enste in-Jensen medium. LR541 was subcultured on 
7H11 plates and different colonies obtained. Each colony was 
inoculated into 10 ml of 7H9 broth.- After 10 d of growth at 
37°C, 5 ml was used to inoculate 100 ml of 7H9 broth and 
incubated at 37°C. After three weeks, glycine was added 
to a  final concentration of 2% and incubation was continued 
for 24 h. The cells were harvested by centrifugation at 
4°C, resuspended In 5 ml of iysozyme solution ( lO m g m r^) 
and incubated at 37°C for 16-18 h. SDS was added to 
a  final concentration of 1%. After phenol-chloroform extrac­
tion, the DNA w as precipitated by adding two volumes of 
chilled ethanol. The DNA pellet was recovered and 
resuspended in 100 pi of TE (lOmM Tris-HCi, pH 8.0 1 mM 
EDTA).
Cloning and sequencing procedures
In order to construct gene libraries, lambda gtIO DNA was cut 
with EcoR\ and methylated using Pst\ methylase (New 
England Biolabs) foilowing the instructions recommended 
by the manufacturer. An Eco RI to Psfl adaptor (Stratagene) 
was ligated to the lambda arms followed by ligation of Psfl 
fragments of mycobacterial DNA. After in vitro packaging, the 
titre w as determ ined using a sensitive indicator Escherichia 
coli strain; each library contained between 10® and 
lO^pfu m r \
DNA inserts from positive clones were liberated by EcoRI 
digestion and purified by agarose gel electrophoresis before 
cloning into pUC18. For sequence determination, DNA from 
the pUC18 ciones was digested with Sau3A and subcloned 
into M13mp18. DNA sequencing was performed using the 
dideoxy chain termination method (Sambrook et ai., 1989), 
with commercially available primers (United States Biochem­
ical), supplemented by primers synthesized on an automated 
DNA synthesizer (model 381 A, Applied Biosystems) using 
sequences derived from previous sequence reactions. The 
sequence presented was determ ined from overlapping 
readings on both strands.
Sequencing data were assem bled using the Staden-P lus 
software (Amersham), and compared to the EMBL and 
SwissProt databanks using blitz. Multiple alignments of 
DNA and protein sequences were carried out using c lu st a l  
(Higgins and Sharp, 1988; 1989).
DNA probes and hybridization
The pLR20 probe was generated by EcoRI digestion of 
the recombinant plasmid pJC70 (Heilyer e t al., 1991). 
The IS 7 7 70 probe was generated by polymerase chain 
reaction (PCR) amplification of plasmid DNA, using the 
primers CGGGTGAGGCTGCATCGCT (bases 64-82) and 
TGGGTCAGTTGGGCAACGCG (bases 761-742). All probes 
were labelled with digoxygenin, and detected by a  chemi- 
luminescent detection procedure (Boehringer). Hybridization 
conditions were as  described by Fomukong eta i. (1992).
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